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FOREWORD

This report, entitled "Computer Program for the Calculation of Three-

Dimensional Configuration Factors," I_ 18905, was prepared by the Lockheed-

California Company under NASA Contract NAS 9-3349. The Configuration Factor

Program utilized under this contract was originally developed by Lockheed in

1963.

Other reports prepared under this contract are:

LR 18899

LR 18900

A Transient Heat Transfer and Thermodynamic Analysis

of the Apollo Service Module Propulsion System -

Final Report

A Transient Heat Transfer and Thermodynamic Analysis

of the Apollo Service Module Propulsion System -

Summary Report

LR 18901 An Introduction to Spacecraft Thermal Control

LR 18902 Thermal Analyzer Computer Program for the Solution

of General Heat Transfer Problems

LR 18903 Thermal Analyzer Computer Program for the Solution of

Fluid Storage and Pressurization Problems

LR 16904 Computer Program for the Calculation of Incident

Orbital Radiant Heat Flux

This report was originally written as LR 16657 by Mr. E. R. Linneman

o£ Lockheed's Thermodynamics Department, who developed the logic of the program.

The programming was done by Mr. L. H. Michel of Lockheed's Computing Services

Department. The present report was revised and updated by Messrs. H. R. Holmes,

K. J. Kahn, and B. A. Nevelli, also of the Lockheed-California Company.
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SUMMARY

0

.A computer program has been developed by the Lockheed-California

Company for the computation of radiation configuration factors. The principal

features of the program are:

l.

.

It is designed to include the effects of interference by inter-

mediate _tr_aces.

It will handle planes, spheres_ ellipsoids, elliptic cones, ellip-

tic paraboloids, elliptic cyl_ders, parabolic cylinders_ hyper-

bolic cylinders, hyperboloids of one or two sheets_ hyperbolic

paraboloids_ and cyl±n_±s composed of two para!]el or two inter-

su_c_aces boundarysecting planes_ in any combination as either -_ " or

surfaces.

3. It is also designed to offer a high degree of flexibility in the

number ofsurfaces and boundaries, in the methods of specifying

these surfaces in the program input_ in the co_<outations per-

formed_ and in the trade-off between computing tire and accuracy.

The use of this program is described in detail and is illustrated by

several example problems. The program is _mitten as a FORTP_/',T IV overlay pro-

gram for the IBM 709 )-',with modular subroutine construction with two links,

which provides for the finest possible grid size consistent with core size and

efficient program operatio___.

O

LOCI_H E ED
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I- I_fRODUCTION

The computation of the radiation heat transfer between an area A I of

surface SI and an area A 2 of surface S2 requires a geometric configuration or

This shape factor is defined for the standard geometry
shape factor, FI,2.

Figure i-i by equation (i-i), below:

i _A / c°s_l c°s _2FI_2 - wA I S2 dAl dA2

! A2

(I-I)

©
The purpose of developing the present computer program is to allow computation

of both point-to-surface and surface-to-surface shape factors, Luc!udLug the

effects of shading by interfering surfaces.

By using modern digital computers, such as the IBM 7094_ a n,_merica!

integration of equation (I-i) over the areas AI and A 2 can be obtained, provided

that the surface equations, and therefore the integrand, are kno_m. Given spec-

ified t_pes of surface equations such as linear, quadri% trigonometri% exponen-

tial, etc., a program defining the integrand of equation (I-i) in terms of the

surface equations can be written. For the Lockheed-California Company computer

program_ it was assumed that all surfaces would be quadric surfaces, that is_

surfaces defined by equations of the form given by equation (1-2).

By2Ax 2 + + Cz 2 + Dxy + Exz + Fyz + Cx + Hy + Iz + J = 0 (1-2)

O

It was also assumed that all interfering surfaces would be quadric surfaces.

This assun_tion gives eleven different surface types:

LOCKHEED 1-1
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Figure I-i. Standard Geometry
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i. One plane

2. Two parallel or intersecting planes

3. E] l_ptic cylinders

4. Parabolic cylinders

5. Hyperbolic cyl._ders

6. Elliptic cones

7- Ellipsoids

8. Elliptic parabo!oids

9. Hyperboloids of one sheet

i0. Hyperboloids of two sheets

ii. Hyperbolic paraboloids

Since a circle is a special case of an ellipse; the list includes spheres; right

circular cones; and right circular cylinders_ as well as the surfaces obtainc-d

by rotatin_ elli_ses_ parabo!oids or __-i_ around an axis _±_ the curv_.

_lus; 12.] different pairs of distinct arbitrarily oriented surface types are

available. Each of these surfaces can be given any boundary which can be def:tue]

by a series of segments_ each of which is the _itersection of the bounded surface:

with a quadric surface called the boundary surface.

Under these assumptions_ the configuration factor program has been

developed. The input routine will compute surface and boundary surface equatio._::

from a min___um of input data_ thus facilitating the program _aput. The basic

program is designed to solve equation (i-i) for the _'_'_o_u_u factor with or witho_,i,

inte-rference_ plus the areas of aoy given st.r±ace. A modification of this pro-

gram permits the computation of an area weighting factor. This factor is

defined as the percent of the total area of surface S2 which is visible from

an average poiut on surface SI.

O

. LOC_'(14 E E D
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II - PROGR&H DESC_{I}-TI02,_.A;!D CAPABILITIES

The prograr_ is written "as a FORTP$3{ IV overlay program for the IBM

'/0911_ with modular subroutine construction with two links_ _.:hich provides for

the finest possible grid size consist eut with core size a__d efficient progra_

operatio_l.

I,!NK i

Link I consists of input and grid poglt computation routines, and rou-

tJncs, to find the quad_,.ic eo_mt._c)n_................._.,_'_'_ _ ....... _;ar5 _. Because ....,_,_ ii_put for a

large number of surfaces necessarily hvolves son:ethi_] S of a bookkeeping prob-

1(:% diagnostic routines have also been included. Up to 100 surfaces can be

handled in ohe rum_.

Inputs r,lay take the fori_ of coefficie_its of the quadrie equation (i-2)_

a set of points over the surface_ coefficients of the equation of a sin}pler

surface such as a plane or sph_ire_ or as points on a sg_@ler surface. Every open

l)r i_r_ary o _ .... e_'our_ac_: must be botndei by a boundary surface kql.n is defined in a

s:i,dlar fashion. Using these data_ the J'_put routine chooses the set of eclua-

t:[{ms _.;hich n_,,_c_ the ___'mut_fon::at of each surface and boundary surface_ and

solves these equations fox' the ...... _co=zzzcz,m%s of the quadric equation of the

surface. This procedure is described in A:ppe__Nix A. These coefficients are

stored on tape for future reference. With these equations, the program can

so]_vc equatiozl (i-I) fox" the required shape factors.

The program computes a set of grid points on tb __ st_rfacp_ given the

dk:pendezlt and two independent coordinates. If two independent coordinates of

a grid point on a surface are given_ equation (1-2) reduces to a quadratic

eq_mtion in the dependent coordiuate of the gr_id point. For exa:nple; if the

independerrt coordinates Xo and Yo of a grid point are give% the dependerlt

Ocoordinate z earl be co_puted by solvin S equation (L-I).

LOCKHEED 2-1
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2 2 , + 0_ , _Iy° , ,.T)= 0 (__:.)C_ + (Ex + + Z) z+ (_: +_o 2o FYo o l_XoYo o

Similar equations are used if x or y are the dependent •variables. The pro,2zm:..

uses a standard grid pattern to obtain the independent coordinates of the S_'.L.i

points. The dependent coordinate_ the minimum and maximo_ values of each Ju,b-

pendent coordinate_ and the number of grid points in one direction must be

specified in the input.

The coordinates of the surface grid points_ along with the previou:;]y

computed coefficients of the surface and boundary equations_ are stored on

tape. This tape may be reserved from one run to the next so that once com-

puted, the surfac.e points may be used any number of times without recomputati: ::.

LI_ 2

l,io_ 2 performs the actual integration, selecting surfaces from the

reserve tape as called for by the input. Not all surfaces on the tape need b..;.

used_ but any surface for which a shape factor is requested must be on the

tape.

Interference by any surface may be che.c_e_. If the surface named ,I: :

in fact interfere_ the shape factor will be modified accordingly. A majo_ _.:,::_

of the interferende routine is that it requires only the equation of the .i_t,,_--

fering surface and its boundsries_ thus reducing the core storage requ_ir,.:r,2':_:.

For any pair of grid points, PI = (Xl_ Yl _ Zl) on surface SI Oei':i.u,:i

by the quadric equation _i (x, y, z) = O_ and P2= (x2,qY.2 , z2) on surf,,co ,Z

given by @2(x, y, z).= O, the integrand [equation (2-2J of equation (1-.1),_r,u

be computed.

co_ '¢'z cos ¢2 dAz dA2 (_:'-:_)
2

s

The detailed derivation of the computer solution is given in Appendix B.

Briefly_ the procedure is as follows:

The integrand is _iven a nm_erical value for each pair of grid ,;,[.t.

P1 (xl, yi, zl) on a;'ea AI of surface Sl, and 1_2 (×2, Y2, _,_;) c'" ":"_"

2-2



LR i$905

O

A 2 of surface S2. With this information_ the program performs a

numerical integration over the area A 2 and then over the area AI.

The area AI is computed by a nuu_lerical integration of the quantities

hA 1 over the area AI_ and the shape facUo_" is computed by equation

(i-i). The program output _ives the product of the area times the

shape facto_" (A1F1,2)_ the area on surface SI(A1) , and the shape

factor (FI_2).

The computation of the effects of shading is accomplished by means

of a subroutine which operates during the corr_putation of the integrand

of equation (i--i). Before ,finding the integrand for a pair of grid

points PI on surface SI and P2 on surface $2_ the subroutine finds the

points in which the straight line through PI and P2 intersects the

shading surface. The points of intersection_ if they exist_ are then

checked for location. If the line segm:ent between PI and P2 inter-

sects the shading surface within its boundaries_ the integrand is set

equal to zero. If there are no points of intersection between PI

and P within the boundaries of the shading surface_ the integrand is
2

computed.

The machine time required to ru_u this program depends largely upon the selected

grid size and the number of interference surfaces. In genera!_ the t_Jne for

oone shape factor computatio.u ranges from 0.5 minutes to __.0 minutes when ru_

on the IBM 7094.

O

LOCKi-tE£D
2-3
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fill - Pi{O]BIGgM[;ET-UP

The basic program is designed to compute surface areas, surface-to-

surface shape factors with or without shading; and I_oint-to-surface shape

factors with or without shading. Since the user may not have the equations of

all surfaces and boundary surfaces_ a routine has been provided to compute

surface and bc)undary surface equations from a variety of input information.

_:he program will automatica]iy compute an<] print the equation of each surface

and each boundary surface. All the surface area and shape :factor computations,

includin_ the com_utat:ion_ _n__ storage of o°_s.....p_nI-_-,v___?_,_them, ....,,,_+_,_

requested in the control section of the input.

r _, to beThe input for each qua&ric surface depends on how the _u_f_ce is

used. If the surface is to be used only as a shaaln_<_" _<tr_ace_'_ a,_a/or_ as the

base of a point for the point-to-surface shape factor, surface and boundary

equations; the side index; and the dependent variable are required. If the

area of the surface is to be computed, or if the area is to be used ih a shape

factor computation, additiop_a] input is required. %_is inc]udes a set of'

]Jmit_ on the _nder, en_ent ..... es <d _: " _¢: _ _a_'_]_,EL _iI[: b]i? I!;}',;-bor of 8rid Doin±s t© be used

so t_a-}__ a _,<_,L,_n,of gr_d points caL, b,_ defined on the surface.

_22e input for each problem is initiated by the selection of a 8eneral

coordinate system. £21 equatious; variables and other spec'Lfieations are then

referenced to these coordinates for the completion of that problem's input.

A detailed description of these inputs fo3]ows.

SURFACE PARTIT!Oi_ING Ai_D SELECTiOJi OF VARFFlAFF_I_]S

.For most practical ensineerin6 problems; the accuracy of the results

depends largely on a technique called su_'face p'artitionin S. Due to storage

limitatflons, a sin61e surface is dffvided ffz_%oa finite g_rid sffze before numer-

flea]_ inte[_ratflon of equation (I-!) proceeds. This division is accomplished by

a rectanaular pattern of grid points projected onto the surface. Certain

LOCKHEED 3-1



f Ksurface orientations x_ay _heze_ore give distorted grids which nlay adve_'se]y

affect the accuracy of the integration. To el_z_linate Lhis _)roblem_ the usc_r
• i

ouz±ace into individual s1,_aller stlri'acesmerely divides or partitions each _ '_

which are then treated as separate cases by the program.

There are two fundamental reasons for stlrface partitioning. The fir_;t

of these involves the selection of surface variables, For each surface input "

the user must specify the dependent variable. The dependent variable is de-

fined as that axis of a selected fundamental coordinate system _:hich is to be

used in projecting a grid pattern on the surface in question. The two inde-

pendent variables then define a plane in _,zlich the actual grid is constructed.

Best accuracy therefore is obtained when this plane is most nearly parallel to

the surface used. When closed or semi-closed st].rfaces are involved_ no single

axis of the chosed coordinate syste1_1 _i!l'be close to perpendicular to the

surface at all points and therefo_'e serve as proper choice of the dependent

variable. It is essential in these cases -that the surface be partitioned -

the extent of _hich depends on the time allotted for the solution. The angle

between the dependent variable axis a__d shy surface ele_nent must never be zero_

nor should it be hlose to zero. If the angle is close to zero_ erroneous

shape factors _.,_yresult.

_e second purpose of partitioning is to allow finer grid patterns to

be constructed, As the distance bet<.:een adjacent grid points on any surface

approacl_es the distance bet,,'een the surfades_ cor!ou%ational accuracy drops

considerably, Due to storage li_,_itatio_s_ this is alleviated only by surface

subdivision which reduces proportio__ally the grid point separation.

Once it has been decided[ what partitioning is required on a sun_face_

_oundary surfaces must be found _hich will subdivk]e the surface as selected.

These are usually planes_ or sets of p!a:_es_ but may be any quadh-ic surf'ace.

Examples of partitioning a cylinder and a pair of intersecting planes show

typically ho_.;this is acco_plished. Cyl._nders are divided by at least two

planes_ mutually perpendicular and intersecting along the axis of the cylinder.

These are situated so that the chosen dependent variables intersect the

resulting quadrants a_ their centerlines. Thus nowhere is the surface at an

a_gle greater than 45 ° to the dependent variable. Two intersectin{_ planes are

partitioned for a diff'erent reason. For points on one plane near the

LOCKHEED 3-2
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intersection !ine_ distances %o raa1._ygrid points on the opposite plane will

usually be small cgmioared with grid point separations. _fnis can only be

dliminated by partitioning each plane into reasonably small rectangles -

thereby reducing grid separations. Additional and more complete explanations

of partitioning are included in Section VI_ Fxamp]_e Problems.

Following this partitioning, the dependent variable to be used with

each subsurface is identified with that surface. The third task involves the

independent Variables. For each of these variabffes the maximt_n and minimum

values obtained on the surface are included in the input. These values define

a rectan_!e in the plane of the independent variables bounded by their respec-

tive max.izntuns and minimu_ns. _e program divides this rectangle into (GS) 2

equal subrectansles_ where GS_ the m_ber of grid pointsj is specified as

described below. 5Fne centers of the reetang)_es are -then projected onto the

surface_ a;-_,d................bnu_ wn±cn fall o_ it ar_ __lt:]L_ci_d i_ tht _ _......n b_.u.,.z'aOLLO/i 0 vei' the

surface.

The necessity for surface partitioni;,_g in most engineering applications

cannot be overemphasized, if unreasonable results are obtained for a sl'ape

factor_ - _ ._ _ ___.su_zace psrtitioning is either incorrect or insufficient in nearly all

cases.

GRID SIZE

Each _3s_._.r_ace__-_,h_"-orequires an lnteg_'a-tion" sT s_ requires an m-no-t_"- _- to

describe the s'ze of' grid to be projected onto it. This inl<utt is ter._;-ed the

grid size (abbreviated GS)_ and is equivalent to the n_r._.berof subdivisions

bet_.Jeen the maximuzi and minim_.2:_values of each independent variable. The

maximur_ allowable vaffue of GS is determined solely by computer storage require-

ments. It may have either of twd maximtm_, w, lues_ depending on the type of

surface. For examp!e; two grid points (one on top and one on the bottom) will

be computed for a sphere_ while only one _rid point will be computed on a p]aue

for each set of independent coordinates. An elliptic paraboloid_ a hy.uerbo]ic

parabo]oid; or a parabolic cylinder may be oriented so that the axes of the

parabolic cross-sections (in the case of the cy!inder_ the cross-sections per-

pendicular to the elements) are parallel to a coordinate a×_s. If so; these

surfac'es will only have one g-rid point per set of independent coordinates and

3-3
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a maximum GS of 28 may be used. For all other curved surfaces or surfaces

consisting of' two p_lanes_ a maximum GS of 20 is used.

For many cases_ such as a view factor to a.simply shaped surface at

distance from the source_ a GS less than the maxim£ma should be used to save

computer time. The maximum error is minimized however when the maximum

,,
allowable GS is used.

Note that computer time for the shape factor computation varies as the
f

I

and GS(2) is the value of GS on the second surface, ffff_usdou%ling GS on both

surfaces increases computer time by a factor of 16. See example problem no. 3

for a specific comparison of grid size_ accuracy_ and computer time.

SIDE Z]qD'h_<_

The Side Index is an input f!_g which _e_eo +_ ...... "--_-_ " -_

any surface in question. The two sides of a surface are defined as positive

and negative_ the positive side being that one which faces a predetermined

reference point for that surface.

The reference point method of side identification is based on the fact

that no quadric s_rface can contain all of the points:

1. (o, o, o) 6. (o, -i, o)

2. (l, o, o) 7. (o, o, -1)

3. (o, i, o) 8. (>, l, o)

4. (o, o, l) 9. (__, o, s)

>. (-I, o, o) IO. (o, l, l)

For each surfuce_ the program tests these points in order. The first of these

poffnts which does not lie on the surface is defined as the surface reference

point.• The positive side of s surface (side index 1.0) is defined ss that

side which faces the reference point while the other side is called the

n_gative side (side index -i.0). In order to input the required side index

(+I.0 or -i.0), the user must independently determine the surface reference

point.

LOCKHEED 3-4
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SURFACE _PUT SPECX_ICATI0i'_
/

_is program is based on the ass_,_ption that each surface and boundary

can be described by equation (3-1).

1

Ax 2 + By 2 + Cz 2 + Dzy + Exz + _z + Gx + Hy + Iz + J = 0 (3-i)

Each surface is identified with equation (3-1) by any one of ten methods or

formats_ designated by separate input flags. The ten surface irmut specifica-

%ions_ the required data_ and the surfaces which can be described by each

format are su_mtarized in .Table 3-1. _e data required for each of the formats_

Flags 0 through 7_ are illustrated in Figures 3-1 through 3-8. _'_nepoints

labeled P represent points which will define a unique surface_ while th,e points

labeled Q represent an inproper choice of points which will fail to define a

unique q1__ic surface.

If the user has or can readily obtain the equation of the surface_

the easiest and most accurate _my to describe a surface is to use input

Flag -i and give the ten-coefficients A through J of the equation., ff_nis is

t}:e.most corrosionway to a_sc_'_r _ any surfsce_ and ____ou]d be used in most

cases.

If the equation is not easily obtainable or if a non-quad_-ric surface

must be approximated by a series of qua¢]__ic surfaces_ the i.nput will_ 8epend on

the type of surface and the information available to the program user. Eight

dm_.:_eJ,env _.npuu ±o_,,,_aosare a-._ai!ab!e with special ones for planes_ spheres_

cylinders and a2_adrics of revolution, as well as a general method which will

handle any surface except a plane. In genera!_ the lower num_bered flags are

least likely to result in errors (exceptin_ Flag 8).

The first special format (FIas O) is the only way_ other than by the

equation_ to input a plane. _nis format requires tb_¢ee points on the plane

which are not on a straight line.

There are two special formats for the sphere. The first (Flag 1)

requires the coordinates of the center and the length of the radius. The

second (Flag 2) requires the coordinates of four points on the sphere which

are not all in the s_e plane.

LO f.;K I--1 E E D 3-5
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oP 1

P3

A) FLAC = 0
PLANE: ANY 3 NOI",I_COLIi',Ii_/-',P, SU?,F/',CE POINTS

PI' P2' P3 -WILL DEFINE SURFACE

QI' Q2' Q3 _ Wll.L NOT'DEFilq:: SURF'ACE

C) Figure 3-1. Surface Input Plane
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SURFACE iHPUT SPECI_7!CATION

Surface Description Required Input Data

Quadric surface

Plane (Fig. 3-1)

Sphere (Fig. 3-2)

Sphere (Fig. 3-3)

Right circular cyli_Jer

(Fig. 3-_)

Right circular cylinder

(_ig. 3-5)

Quadric cylinder

(Fig. 3-6)

_jaaz _ of revolution

(T_ig.3-7)

General qua61_ic surface

(Fig. 3-8)

Different side or sec-

tion of preceding

surface

_e !0 coefficients of the surface

equation

3 non-colinear smrface points

(Pi' i = i;2,3)

Cente- _ (Pk) and radius (R)

h no_ c_=l__a_ surface point_

(Pi' i = l, .... , h)

2 axis poi_s (PI ariaP2) Pi_ _'_U_ (_)

Direction numbers (l:m:n) of an element

plus 3 points (P., i : !,2;3); each on
a different elemSnt

Direction nu_abers (l:m:n) of an element

plus 5 points (Pi' i = i, .... _ 5), each
on a different element

2 axis points (P0 & P4) plus 3 surface

points (P_ i : ],2,3), each on a dif-

ferent cross-section p_rpendicu!ar to

the axis

9 spaced surface points (Pi_ i : i; ....
9)

S_urface number of the preceding surface.

The program will use the equation of the

indicated surface.

LOCKHEED
3-6
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j

I
1
.I SPklI_RE: CENTER P AND RADIUS P,

1

P1 c

.t

!

Figure 3-2. Surface Input - Sphere #i

•I

.i

Py
C) FLAG = 2 __,._."_"---'_4_

SPHERE: ANY 4 NON-_-CO_%A, NAR SUid-ACE POINTS

P1 - P4 WILL DEFINE THE SPHERE

Q1 - Q4 WILL NOT DEFINF_. TH',-: SPHERE

Figure 3-3. Surface Input - Sphere J_2
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:..:g.]

_+__! DIREETION NUMBERS OF AN

Y ELEMENT ARE:

L =d -a

M =e-b

N =f-c

E LEME NTS

F) FLAG = 5

QUADRIC CYLIND_: DIRECTION NUM _-'++_,LRS O_ AN ELEMiNT PLUS
5 SURFACE POINTS EACH ON A DIFFERENT ELEMENT

Lt M, N + P1 -P5 WILL DEFINE THE SURFACE

L_ M_ N + Q1 -Q5 WILL NOT DEFINE THE SURFACE

O Figure 3-6. Surface Input - Quadric Cylinder
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The program includes three formats for quad1'ic cj!inders. Tile first
. i

two are for right circular cylinders onl_ _. _e first (F_ag 3) requires two

points on the axis of the cylinder plus the radius_ while the second (F_ag _i)

requires the direction numfoers of an element of the cylinder plus three surf_ce

points_ no two of which are on the same element. The third cylinder input

(Flag 5) is for any arbitrary quadric cylinder. It requires the direction

nmI_b@rs of an element plus five surface points_ no two of which are on the

same element. In general_ a._D_cylinder can be defined as the collection of

all the parallel straight lines satisfying some specified condition. Using

this definition of a cy!inder_ an element of the cyl_uder wi_]! mean any of

these straight !inds. ffhe direction n_ubez's (i; m; n) of an element can be

obtained[ by taking any two points P(×I' Yl''_:l ) and Q (x2, Y2' z2) on the same

element_ then i = x2 -Xl_ m = Y2 - Y! > and n : z2 - z!.

_ne 3ast of the special input formats (Flag 6) is for a quadi'ic of

revolution other than a plane. _his inc_]mdes spheres_ right circular cones_

cylinders_ e!l__psoids_ paraboloi_3s> and hyperbo!oids of revolution. The

required input is two a:<is points and three points on the surface with no two

of the surface points on the same cross section perpendicu3ar to the axis.

Note that in the special case where the conic crosses the axis (i.e. all but the

cylinders and h2-perbo!oids of 1 sheet)_ the vertices may be used as surface

po__nts. Hence, the vertices can be used as both axis- and a s'arface points

for these surfaces.

_e general q_.a._z'icin;cut (F;_ag 7) requires nine surface poiuts. __ese

points must be so located that there will be only one quac_ric surface which

contains them. _he best wa_' of achievin_,] this is to choose points which are

u_ifo_-m]y <]istributed o:ser _he area of _n_,erest. 7t is essential that no more

thun five points lie in any one plane (a maxhnum of four is preferable when-.

ever possible). Unless the suz'face consists of' two paral3e! or intersectinc,

i!]anes; the points must not all lie in two planes. Since it is possible to

c]ioose points which do not define a rtnique quadric equation_ the special input

Cor_ats should be use_, _d_enever possi])].e.

]Tn addition to these surface input formats j"there is an input format

]"-,'aC8) which will duplicate a precedi_8 surface equation in case a different

<_:,',:'_;,<:]de;or dependent variable is required on a quadric surface. For

.t

3-14
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0

0

example; %o use a different hemisphere of a sphere; or the opposite side of a

plane; a new surface must be defined and indexed. However; since the surface

equation will be the sdme in both cases; it is more convenient and economical

to duplicate the equation of the original m_'face than %o recompute it. This

input (Flag 8) requires only the surface n<mlber of the m_face whose equation

is %o be duplmca_d.

7u any case where the machine must compute a surface eopaation; the

nature of the digital solution with its restriction to eight significant

figures will limit the accuracy of %he equation. In particular, coefficients

which should be zero may be given a finite value. If the chosen points do not

define a unique quadric surface; the program should com_u±,e all zero coeffi-

cients _ud wr_te out "Surface (S) is not defined." However_ with digital

comoo.oaulon of the _ _ -" __ _ _o.e_,erm.un_=_u_one or r.,ioreOf these could vie4d non-zero

To counteract this possibility; each equation which is computed from surface

points (input Flags O_ 2; 4, 5; 6; and 7) is sent through a test routine which

i .L •eval<_ates the equa_mon at each of the surface points, tg_ese values are printed

out below %he surface reference point q in the order in which the s_u_face

points appear in the input. If any one of these values exceeds 0.!; the

surface is rejected. Siuce this is not a flexible test_ the user should com-

pare these values with the coefficients of the equation and reject any equation

for which one or :more of these values approaches the order of magnitude of the

average coefficient.

BOU_A!_Y _,UIDd_ACs7Y_UT SPzC.I_ICATIO_

All boundaries are defined by the i_bersection of the quadric surface

with a quadric boundary surfac@. _e input for a boundary sumface will there-

fore resemble the input for a surface. A boundary surface can be defined in

eight ways; as sm_r:arized in Table 3-2.

The first (Flag -i) is to use any of the surfaces listed in the surface

input as a boundary surface. The required input is the surface rm_nber. This

gives an easily defined boundary if two surfaces intersect.

LOCKH[!EID 3-15
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TABi_ 3-2

BOTJI_ARY SU[@_ACE I_[PUT SPECIFICATION

m89o5

•i

I

,]

Flag Surface

-i Quadric

0 Plane

i 9J.a@_ic

2 Qaadric

3 Quadric

4 Quadric

5 Quadric

6 Quadric

Boundary Surface

Any listed surface

Plane

Plane

Right circular

cylinder

Right circular

cylinder

_aad_ic cylinder

Quadric

Quadric

Required Input l_ta

The mnnber (s) of the surface)

S(s) whose equation is to be

duplicated.

2 boundary points (PO & PI )

3 non-colinear boundary points

(Pi' i : 1,2;3)

2 axis points (PI & P2 ) plus the
radius (R)

3 boundary points (Pi' i = i, 2, 3)

plus direction numbers (l:m:n) of

an element

5 boundary points (Pi' i = i, ..._
5) plus direction n_bers (l:m:n)

of an element

i0 coefficients of the boundary

surface

Bounded surface and boundary

surface nu_bers of previously

defined boundary surface.

The second case (Flag 0) is for a straight line bo_undary on a plane.

The required input is two points on the boundary. With this information_ the

program computes the equation of a plane through the two" points which is per-

pendicular to the given plane.

The third form of input (Flag i) gives a plane boundary surface through

any three given non-colinear points. This input requires the coordinates of

these tYm'ee points.

LOCKHEED 3-16



_le next three formats are for cylind_'ica! boundary sku'faces. _ne
/

input for each of these is exactly tl_e same as for the cy_±n_%Tical worRir_;

sKr;face. For an arbitrary cylinder (Flag ii)_ %he direction _nbers of sn

element4 plus five boundary points are reqRi£'edj while for a right circular

cyqinder_ either two axis points and the radius (Flag 2) or; three boundary

points and the direc-4ion nv_r,,_bersof an element (F_ag 3) are required.

The seventh input (Flag _) accepts the i0 coefficients of the equation

of the boundary surface directly. The last (Flag 6) permits the duplication

• of a previous boundary surface_ from the nu_mber of the surface bounded by the

previous boundary surface and the number of the boundary on this surface.

Note that iNout !,'lag -i duplicates only the surfaces listed in the surface

input sec_ion_ while input Flag 6 duplicates bounclary equations. With these

two input for£ats any previously dell_ned surface or boundary surface may be

dupl-ica_;e d,

O

O

LOCK-HEED 3-17
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_nis program has a maximuml allowable nu_nber of surfaces; of boundaries

per surface_ of grid points per surface_ and of interfering surfaces. These

dimension limits are shown in Table 4-1.

0

<<)

<__a:,%ity Dimens ion

i00_bmfoer of _a'-_ -"q_ o_jc s_Arfaces

._:_zm%erof boundaries per surface 6

GS

CS for a plane

int__f-mns surfaces

2O

28

any !0 of the qua_h_ie

surfaces

_%e i_put for the program is divided into three blocks_ the surface b!ock; the

boundary block; and the control block.

SURFACE BLOCK

The surface input block requires from two to six cards for each

surface, i ch card has room for seven fields of data_ each with ten columns.

All fixed point data (integers with no decimal point given) such as surface

nuiCoers and flags are input on the right side of the field; while all floating

point n_mfoers (data containing a decimal point_ which may appear in any of the

ten columns) such as the side index_ the limits on the variables_ or the

LOCI'(HEED 4-1



l

i "

i

189o 

surface _oT_ts are input on the left of the field. Table 4-2 shows the

general input, format for a surface; while Table 4-3 gives the required input

for each of "the I0 surface input specifications.

_e first card contains five pieces of information; all in fixed point

notation. T,,_efirst is the input format index; which in fixed point nota%ion_

occupies the right side of the first field; col_um_s i to i0. The second bit of

information is the surface nm_iber; a fixed point number_ in columns ii to 20.

_91e flag (i for x; 2 for y; or 3 for z) for the dependent varisble occupies

the right side of colmmns 21 to 30. Col-m_ms 31 to 40 are to be used to specify

%he number of boundaries which are %o be given for a surface in -bhe boundary

input block, if this surface is to have the same equation as a preceding

surface (i.e. if the input format fla_,_ _s 8); i-,h=_........... c,_l_, i!! to _ _,ill give

the num-.ber of the surface whose equation is to be duplicated. Otherwise this

space will contain a zero.

Card __

The second card contains six items of information; all of which are in

floating point form and ere therefore at the left side of their respective

fields. In order; the first is the side index from colm:m i to i0. _e

second and third are; respectively; the minim\u_ and the r,sxinr_ values of the

first independent variable assomiing the variables are given in the order x;

y; and z. _e minim,mm value occupies the coltmms ii to 20; while the maximttm

value is in coltu:ms 21 to 30. Colmmms 3]- to 4'0 and _I to 50 will give the

minimu±_ and max_rmm_, values of the second independent variable. Note that if

these values occur out of order; the computation of any shape factor involving

this surface may be incorrect; provided the machine will compute it. The last

information on this card is the fro_tuberGS in co!um_ns _i to 60. If the engineer

is interested only in computing the su_rface equation_ the last five fields;

coltm_ns ii to 60_ may be ].eft bla_. An example of this would be a surface

which is to be used only as an interferin S surface.

I
]
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_le third_ and if necessary_ additio.rml cards_ supply the input data

required for the particular input format flag used in collm;,,_ns! to i0 of the

first card. _ese data are supplied in floating point fornb _seven items per

card and ten col_u__ns per item (colur_ns i to !0_ !i to 20_ •...._ 61 to 70).

Inputs required to specify ten surfaces are shown in Table 4-3_ and they serve

as exsm_ples of each of the ten surface input formats.

Terminal Card

No card is required beo_,,e_n su_faces_ but a card giving a surface

format flag > 9 and a dimly surface nuzr_ber is reofaired st the end of the

su_face input block.

BO_qI_RY BLOCK

_he boundary input block requires from one to four cards per boundary.

These cards are also dimensioned for seven items - each requiring ten col_<.__ns.

Table I/4 shows the gem.era! input format for a boundary_ while Table 4-_ gives

the reqp.ired inx,ut for _ _ ....._ e_,cn of the ezgno boundary input sr_ecxfzcations.

Card _.]_

q_e f_rst card , _-_-' e',:= "- =conb_='_,is ..... items 4,_ _-i......... z_xec__ pozn_ .nota-tion) co]o_mns !

to _0_ __s.... the side index coltur.ns 51 to 60 which is in _.loa__<-_''_, poi_rb notatio_.

As in the surface input the first "tern is the boundary fort:at f!ac -_.,hich

appears in colu_mm,s i to i0..

The second and third items_ col_zm_s Ii to 20 and 21 to 30_ respectively_

are the surface ntumber of the bo.unded surface and the mu_,ber of the boundary.

_e fourth and fifth items_ columns 3]. to 40_ and 41%o _0_ depend on the

boundary input format flag. If %he input format flag is -i_ then the boundary

surface is to have the same equation as a surface listed in the surface input.

Thus_ the input in columns 31 to 40 will be the nmr.ber of the surface whose

equation is to be duplicated_ while columns 4'i to _0 will be blank. If the

boundary format Flag 6 is used_ %he equation of this boundary surface is to

duplicate the equation of the nth boundaz_y surface of sum'face k. Ti:us_ the

input in co!uz0ms 31 to 40 will be the nuzfoer k of the surface whose nth boundary

LOCKHEED 4-7
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surface is to be duplicated and col_m_s 41 to 50 will contain the num_iber n of

the boundary surface of sum-face n_nber k. Col_ms 51 to 60 will contain the

side index of the boundary in floating point notation.

Card_2_ etc.

The additional cards required for boundary input format Flags O; ....

5 supply the data reo_.ired by each of these formats - seven items per card in

fields of ten colv_ms. The data are given _u floating point notation and must

be supplied in the order indicated by the format. Examples of each of the

ei_it input formats are given in Table 4-5.

Terminal Card

_ile no cards are required to separate the daba for individual

boundaries_ a card giving an input flag _-7_ a d_iy surface n_2oer, and a

d_uc:D- boundary n_:_ber is require_ at the end of-the boundary block.

CO!_OL BLOCK

_ne last block of input controls the computation in the program.

While the sun,face and boundary s_u_face equations are computed automatically,

all other compu_a__ons must be requested. The input format is shown in

Table 4-6. The computation and storage of the grid points on a surface, the

surface to surface sha_e .... _ the point to ..... _p_sul_._ce factors and the_ ±ac_or_ ....

computation of surface areas are all included. Samples of each of these are

sho_m in Table 4-7. Note that the grid points for a surface must be computed

before a surface area can be used in any of the other three types of computa-

tions. The only exceptions are those s___faces which are to be used only as

interfering surfaces or surfaces containing the point in a point to surface

shape factor.

Grid Point Computation

Control Flags -i and 0 cal! for the computation and storage on tape of

grid points. Flag -i is used if there are no previously co_uted grid points

on tape. @_ce the machine has c_nputed and stored grid points on tape it must

search for the end of this storage block before storing additional grid points

LOCKHEED
4-11
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of additional surfaces. Thus Flag -i is used only on the first card _n the

control section and Flag 0 is used to call for the g1"id point,_ of all additional

U _ i
s rlaces. All the data on the grid point co_{putation cards are in fixed point

notation_ and hence appear on the rig_-_t side of the indicated field.

Card -_- 7;1 - Since there are no previously stored grid points_ control

Flag -i appears in the col_mns 9 and i0 on this card to indicate that the grid

points of the surfaces S(s) and S(t). The surface n_nber s and t occur as

fixed point numbers_ in the columns ii to 20 and co!_s 21 to 30 respec_mvely._"

l!

Card 9}_2_etc. - Since grid points have been computed and stored

according to the instructions of the first card in the control block_ control

Flag 0 appears ...._co]_ !0 _nis co:_uro!..... _'_-s'-_='_-_]_ the machine to compute

the ___id points for s'_.,'faces S(s) a_d S(t), to s'ea_ch for the last set of

stored grid points and-to aS_d the grid points of surfaces S(s) ant! s(+) to

those already stored. _e surface n_a.£oers s and t appear as fixed point n-em-

bers in coluJm_s i! to 20 and 21 to 30 respectively.

,_rJ.ace-_o-S_'face ShaLes Factors

The conputation of the shape factor F(s,t) from the surface S(s) to

surfaceS(t)foranysu_face_S(_)_d S(t)_,hosesridpointsha_ebeencom-
putedrequires ....con__,ol Flag 1. The machine then computes and prints out the

pro_.,._.ct A(s) " F(s,t) of t?_e a:._e_ of s_:_ac;e S(s) tff_:c;s the sl__s-_° J:_.ctor

r(s,t), the area of' s_mface S(s) and the shape factor F(s,t). If the n

inte.-.:£_.-_ns.... s_rf_.ces S(sl) %o S(Sn) are __isted, the _:achi,_e _ill °o_:_u_e__ the

shape factor with interferenqe and add "With i_rterference by S(sl) .... S(Sn),"

to the printout.

At least one card is required for each shape factor. If the n<_mber n

of mnter±ermno surfaces is not zer% additional cards will be required.

Card _I - 'l_is card contains the control Flag i in col_m i0 with the

surface numbers s and % in fixed point notation in co!umms ll to 20 and 21 to

30, respectively. _nis calls for the shape fac-bor F(s,t) plus A(s)F(s,t) and

A(s). _ne nuz_ber of interfering surfaces appears in colm_s 31 to 40 as an

integer.
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Card _2_ etc. - If the nuy_ber n of interfering sm'faces is not zer%

a__'egiven in one or t_o additional cards as arethe surface numbers sI to sn _ k

required. _%_ese surface n_bers are given in fixed peiz_t notation - seven

m__mbers on the first card in columo_-_ i %o !0, columns ll to 20; etc.; and 3

numbers on the second card. []_e m&ximml n<_ber of interfering s_o_rfaces is .i0.

Po_nt-to-Surg_,ce _uape Factor "

Control Fla S 2 is used fo-_" the shape factor from a point P(i) on

surface S(s) to any surface S(t) whose grid points are in storage. The _mchine

will compute the dependent variable of point P(i) and the shape factor from a

differential area located on su_'face S(s) at point P(i)to surface S(t). _ne

of P(i)andtheshapefaoto F(i)F(s;t).ifprintout gives ti_e _ _" ......

the n interferi_,.g surfaces S(Sl) through S(Sn) are specified, the prograr, will

account for the interference end add *..heinterfere_ce printout. _ue co_k±rol

cards for the point-to-surface shape factors require at least three cards.

Card _L! - Control Flag 2 appears in colt_mLn i0 and the fixed point

surface munbers s and t in columns Ii to 20, and 21 to 30; respectively.

Colusm_s 31 to 40 contain the munber of interfering surfaces. _'nis calls for

the computation of one or more point-to-su__face shape factors from points on

S(s) to S(t).

Card 9_-- _e first enh'y; in cohmn i0; is a flag (i for x; 2 for y_

or 3 for z) indicating the dependerrt varhbie to be used on surface S(s). Tile

mmber j of points P(il) to P(ij) on s_u_face S(s) for which point-to-s_u_face

shape factors are to be computed to surface S(t) appears in fixed point nota-

tion in colmms !i to 20. Note that spheres and s_i_]ar surfaces me y yield up

tO 2j points; as illustrated in Fo_amp!e Problem 3. In cob_ms 21 to 30; the

side index for surface S(s) is given in floating point notation. Note that the

dependent variable indicated in colum_n i0 and the side index in colmms 21 to

30 is not required %o agree with those used in any other listing of surface

S(s); so they should be chosen %o match the points P(il) to P(ij). If any of

these points are vertical points on tb.e surface relative to the chosen

dependent variable; additional poin%-to-stufface shape facto,_s inputs should be

made; each with the appropriate choice of dependent variable. For exs@ple; on

LOCKHEED
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2 2
%he sphere x2 + y + z - 4 = O; used as %he sub'face S(5) fin _-_.u_.ethird example....

_ob_e_,_, the _ee _oi__s P(1) = (2,0,0), P(2) = (0,2,0) a_, P(3) :_ (0,0,_)
all require a differenb choice of depenct.ent _ar'table. ._us' P(1)F(5_!)_

P(2)V(5_I)_ and P(B)F(5_I) must be inpub separa-be!y rather %ham being input in

a single request.

Cara ://_3_etc. - _e independent coordinates of the points P(il) to

P(ij) are given seven coordinates per card in fields of i0 (co!_mns ! to i0;

Ii %o 20_ etc. ) using floating poin-b no%ation.

Interfering $.1_fac_ Cards

If the mum._ou_....... n of interferins s;_trfaces _-_snot zero_ additional cards

must Le s_:_po_ied _," -" _ %he surface n_::_ers sI ,be sblvlns of the inte.rfering

surfaces S(s!)"be S(Sn). _hese :_um_oers are given seven to-'-L____ card in fields

of' i0 columm s.

S-o__'fac e Area

_e computatio_ of surf see area is specified one _,ur....c_ per card.

_le con-ire! ....._- 3 in colum!n i0 and %he fixed point ntu__ber s -;u co!trams ii to

20 require uhe computation and 10z'l__uout of" the area of surface S(s)

0t _n_0_t

A card with con%rol Flag 4 in co.]uam_ ]0 encl.s'the input.

4-17
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V - PROGE_dvl OU_I_PUT

The output from this program is fully identified as to which surfaces

IT • T _TTor points "view" and which are _le_ea ; the viewing surface or point designated

by s and the vie-_Ted surface by t. Both area-s]mpe factor products and areas

alone are printed.

Tables 5-1 tl_rough 5-4 _"o"" _ _ _'_, _ _co___m_ typical output _.n±o.....argo._, ffhe first

information appearing for each surface or bounda_j (Tables 5-1 and _-2) is a

duplication of the " - _ for that surface or boundary. _ _" ismnou _, __LS followed by

the surface reference point; Q = (x_y,z) for all surfaces which are not dupli-

cates of a previous sugar.ace. If the surface or boundary eq,_a_mon_-"" is de%er-

mined by the computer_ the residuals obtained by substituting the coordinates

of the suzJace"_ points (_,,hmcn-: ' _,_ereused to define ___ s_a___cco equation) into

the eoua%ion are printed below the _f_-,'__ D " _.......... -[iO.Lno Q. In Tables 5-1 and 5-2

a_l equations were input_ so no such "_;_-_-.... -_"- n_u__,__o exist. If one or n.o_ e of these

values approaches the magnitude of the coefficients_ which are printed out for

each surface_ the l_Ir_ited acct_acy of the digital solution has probably

compared with the coefficients to r.:a_e sume a]_l _....7_ eouations have b,_en

rejected.

Following these surface and boundary st_mtT_srysheets is a list of com-

puted shape factors, ff_is _ormao eeoe_ms on whether surface-.to-m_rface or

polno-Lo-_uri;ace shape factors are COmputed.

S_/FAC_,_-U.v-SUgbA_E o__Lr._ FACTO,__o

A typical surface-to-surface shspe factor output sheet is sho_m in

Table 5-3. The line beginning with "DELS" includes the increments ccmputed

for the independent variables projected rectangle. The second line consists

of the suL-face numbers s and % and their area-view factor product_ A(s)F(s_t).

The third line of output gives the surface s and its area A(s). The fourth

LOCKHEED 5-1
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.,q

line repeats the surfaces "_ "consla_rea and follows with the shape factor;
/

r(s,t). ,
_le last "_-_ _ __inn_ in each d_stinct group is actually the computational

input for the next set of outputs. If interference by surfaces sI tb_rough sO

is specified for the s]iape factor F(s,t)_ one or more lines are added above

the "DELS" line. _nese give the sv_'face numbers s and t plus the printout

( ) sI, ""F s_t with interference by surface nvm_bers ........... _ sj

PO]_T-T0-SUP07ACE _L&__E EACTORS

Table 5-4 shows the output for several point-to-surface shape factors.

As for the _ -.........our,_ace-uo-s_r,_ace ouopu_ the results' are preceded by the computa-

tional inlout. ]inm_ediately preceding the first line of output is a block of

independent variables for the points on the _-iewimg surface (in this examplef

surface 5).

_e output results begin with the point n_uber i_ followed by the

viewing surface_ s) the viewed st_face, t, and the shape factor P(i)F(s_t).

The second line contains the coordirates of P(i). If interfering surfaces are

_.h_o given in _he surface-to-surface output isgiven_ information identical to ....

added above %he first line.

LOCKHEED 5-2
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o

c)

H

_O

t>
<

E_
t

t-4

0

Pq

t
Lf_

-I

SURFACE NU_ER

SLRFACE NUHrI6 R

0

Sb_FACE NU_ R

SbRFACE NUHU_R

2

1

I

2

3

3

5

2 -G

W_S PUT ON TAPE

WAS PUT CN TAPE

4 -0

WAS PLT _N-TAPE

WAS Phi CN TAPE

I 0

-C

-C

-0

2

27.75O

O.

g. SCO

O.

-8.a25

O.

I=

POINT

I: 2

POINT

I = 3

POINT

POINT

I= 5

POINT

I = 6

POINT

I= ?

PO I N I

P©INI

POINT

I= IC

POINT

I: Ii

POINT

l: 12

POINt

I: 13

PO1NI

I: I_

21 l.OOC

67.¢00 _7.730 4)._00 27.75C 3C.CCO 27.75C

27.7_0 -OC.COO 27.75] -49.COC 27.750 -6£.0C0

6_.0C5 9.500 49.CC3 9.50C 3C.,OSO 9.5CC'

9._C0 -SO.C,00 _.520 -q9.CCC 9,5_C -_8.0CC

_.C.:,o -8._g5 49.02,_ -8.e25 _o.cco -_.8_5

-B.BZ5 -Oe. CO0 -B.B25 -_q.ooc -_:.e25 _E.0C0

S: 5 I: l PIIIF|S,T): 0.22S_7637Z-C0

ON S IS X(ll= 0,277503COE C2 Y(I): -C.279)q_qgE 02 Zll)=

S: 5 I= 1 PIIIFIS,T]: O.24737&gIE-CC

CN S IS X(I): 0.27750COCE OZ YII)= -0.27999)_9E CZ Z(1):

S: 5 I= ! PII)FIS,T}= 0.69C3C. 771E-Cl

CN S IS X{II= 0.2775029C£ C2 Y{I): -C.,Z79_3309_ CL l(I):

S: 5 I= l PIIIF(S_TI: 0.6212_555E-C2

0N S IS $(I)= 0.27750C03£ 02 Y|I): -0.279999_9£ 02 Z(1) =

S: 5 I: J PII)F|S)T)= 0.74932_62E-23

QN S IS Xtl): 0.2_750CC_E £2 _[I): -0.2799qqo_E 02 t(1)=

S: 5 I: I PIIIF(S,T): 0.335_62155-_3

ON S IS l(1)=" 0.27750C00E C2 Y{[)= -3.27997g_qE 02 l(ll=

S: 5 T= 1 PIIIF(S,T)= 0.17203=57£-0_

C'I S IS XII}= O.27750CC$_ O: Y|I)= -3.2799_';5)E 02 till=

S= 5 l: I PIIIF(S,T)= C.?Iz, IgCZ7[-C_

C>I S IS _(II= O.95OOQOC(E CI y(l]= -C.2793_qSOE 02 Z(II=

S: 5 $: l PII)F_S,TI= O.7tECC.525E-_!

ON S IS X(II: 0.95COC?)CE el Y(II = -0.2799q599£ Oi Z(1)=

S: 5 l= I PIIIFIS,I): 0.i£_)40[-S)

ON S IS I[I} = 0.950'DO2)3£ O1 YII)= -O.ZTg;tO)9)[ 0k lIl):

S: 5 T: 1 PIIIF(S,I)= 0.3159£011E-S5

ON S IS X(II: O.95000000[ Ol Y(I): -0.27997999_ 02 ZfII =

S= 5 I: l P(IIFIS,I)= O.[35173BOE-C5

0% S IS XII): 0.9500000'3E Ol YllJ = -0.77Qqctqg9£ C2 Z(II:

S: 5 I: l P(IIF(S,T)= 0.595z, 2524[-0_

ON S IS Xll)= 0.9500OOO0E Ol YII)= -0.2T'J_9_99£ C2 Zll):

S: 5 1= l PIIIFIS,T)= 0.302G_735[-0_:

0.6eO00000£ 02

0.45999999E 02

0.300COCOOE 02

O.

-0._COC0000E 02

-0.4_999999E 02

-0.6_00_000E 02

a.680COO0OE 02

C.4_999999E 02

0.300000DOE 02

O.

-0.3COC00OC[ 02

-0.48qqqqgqE 02
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VI - EXA!_,_LE PROBIZIS

_nree example problems are presented in this section, A detailed

discussion of the problems and the reason for including each follows.

The first problem is an exercise showing each of the inputs discussed

in Section IV with exa_o!es of a variety of surfaces. _me second example_

which approximates a rocket nozzle and storage tank problem_ illustrates the

e_le_ of the choice of the dependent variable on corz_puted s_face area wl_h

the resul_an_ effect on the shape _acbors, _me t_d problem co_,s_sts of a

s_here inside a cube. _ _ ...._ .... _

factors may be computed exactly as a check on the accuracy of the program,

In computing the shaoe factors from one side of b._e cube to another_ the

effect of interference by the sphere is illustrated. In addition_ this

pzou__ ....shows t_e e±zeci, of _ne choice of deoende_ut variable on a sha_e factor

_here the area is not affected.

The values of gSid s_ _ (GS) for these exs_o7es _._ere based on the_Z_ .... _ __

former 7imits of 16 or 20_ depending oP _h_ t_Kpe of s_rface (see Section liT)

_e caoacrty _ s no_ 20 or r_s. The old mazSmm._, values of GS were used in

Examples i and 2. Some_.,,%atlower values were used in Exsmple 3 to demonstrate

the accuracy obtainable with modest GS values• _me discussion of Example 3

includes a comparison of grid size_ acc_macy_ and computer time.

EXIC._iSI PROBLEM _;-!

The first exa%ole problem contains ten s_u_faces and eight boundary

surfaces showing examples of each input format plus examples of each type of

computation.

Surface Input

Surface _! - Arbitrary Conic - Surface _I is the lower side of a plane

circular disk of unit radius lying on the xy-plane with its center at the

6-1
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origin as sho_,'n in Figu1_e 6-1. Since this sumface is a section of a plane, it

can be seen fro:'.Table 4-2 (Ggnera! Surface Input For_r, ts) that surface v_-

must be defined by equation or by three points. In.this case, the ten coef-

ficients A to J of the equation z = 0 (the _,_-plane) and format Flag -! is

used. A dependent variable of z is req_Zred on this plane so the dependent

2 2 2
variable flag is 3. The boundary surface x + y + z - i = 0 is used

to cut the plane down to the given disk so one boundary is required. The

given plane z = 0 contains the points (0_0,0), (1,O_O), and (0__,0)_ therefore

the su_face reference point is (0,0;1). Since the lower side (which faces

away from (0,0,I) is req_iz_ed_ the side 5ndex is -l.O. The s_u_face area will

be used in a shape factor computation> the:,:efore the limits on the independent

variables and the grid size n_,t<%er GS are required. The minimum value for x

on this disk is -I while the mszim-_r value of x is i. For y the minimu:m and

ms:<im_-r_ values are also -i and i. The nurturer GS is set at 16. The input

foz" this sue'face is:

SF S D.V. NB

-i i 3 i

SSI MIN- i MAX- i MIN- 2

-i. -i. i. -i.

A B C D

O. O. O. O.

H I J

0. i. O.

MAX-2 GS

+i. 16.

F, F

O. 0.

G

o:

II

Surface _=2 - Plane _me second s_u_face is the top of a section of

the plane 6x + 4y - 3z - 12 = 0 given in Figure 6-2. The reqo_red area has

one linear and one elliptic boumdary. Input Flag 0 and the three surface

points (not all on a straight line) (2,0,0), (0,3,0), and (0,0,-4) are used to

define suz'face 2. _ae dependent variable z is chosen on this surface_ requir-

ing Flag 3 for the dependent variable. Note that any variable could be chosen

for this surface. Two boundaries are required. Tme reference point is (0,0,0),

and since the plane lies below this reference point, side index 1.0 is used.

Since grid points are required for this su_'face_ limits on the independent

6-2
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A) : ....

' / pLANE. __0 SpHF._,ES3_ /

CEI'4i'ER (OtOtO)

RADIUS 1

C) ......

Figure 6-1. Example Problem #i - Surface #i
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..f

×2 +y2 .. 4 = 0

B)

\
\

+ 18z 2 - 7"2 = 0

/ /.,5>< O,,_"_a

//_/ *_,-2,-_oj,l

Figure 6-2. Exez4_le Problem #I - Surface _z2
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variables 0 S x =<-2 and -2 -_y S 2 are given. _me m_foer GS is set equal to

16. _hus the input for this su__±ace_'"is:

SF S DV _

0 2 3 2

SSI MIN-! _L_X-I MIN-2

!. O. 2. -2.

Xl Yl z! x2

2. O. O. O,

Y3 z3

0. -4.

YL_X- 2 GS

2. 16.

Y2 z2

3. O.

x3

0.

Su-_'ea¢, e J' _IL_53 - S_e_e - Su_face _ is the inside of" the sphere
2 2 2

x + y + z - i = O, m_lusura_ec_ in _vmgure 0-3. With znput Flag !_ the

sphere'is defined by the center (0,0,0) and the radius !.0. On this sphere,

the choice of independent variable is arbitrary and x (Flag !) is used. No

bow_daries are recuired_ as t___ entire sphere ms" required. _ne reference point

is (0,0,0), tne_e_ore__ _ - the side index is 1.0 for %he inside° __mis surface

is not used in any shape factor or area computatiou_ so the remainder of the

second card is left blank. Thus input for this case is:

SF S DV NB

! 3 ! 0

SSI

1.0

x y z R

O. 0. O. i.

Surface #4 - Sphere - The fourth surface consists of the inner

(cor_cave) side of _ _ _ 2 2 2bh_ s_here x + y + z - 2x + 4y - 6z - 3_ = 0, bou:aded

by a plane and a right circular cylinder as given in Figure 6-4. Input Flag 2

plus the four surface points (7,0,0), (7,-_,_), (7,1,5), and (-2,4,5) (not

all on a plane) define the surface For this our-a_e, the dependent variable

is x (Flag !) and two boundaries are used. The reference point is the origin_

LOCKHEED 6-5
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SPHERE x 2+y 2+z 2-1 =0

CENTER (010t0)

RADIUS = 1

Figure 6-3. Example Problem _i - Surface #3
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• _ /° °(7.1,5)

SPHERE

/ c, j /

. / PLANE x,-Sz +8 =0

CYLINDER y2 +z 2 +4y 6z -0

BOUNDARY #2 - - " _: :::;

S4

Figure 6-4 Examole Problem 7i41 Surface _-i,• _ - -IT-r
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- ,

which is inside the sphere_ and therefore side index 1.0 zs used. _'ne

remainder of tb_e second card. for this surface is lest blank since the she-face

is not used in the shape Sector CO:::R&,_aL,_LO_.S _e input is:

SF S DV NB

2 4 i 2

SS!

!;

Xl Y! Zl x2

7. 0. O. 7.

Y3 z3 x4 Y4

!. 5. -2. 4.

Y2

-5.

z4

5.

z2 x3

5. 7.

S_cface 9_p .....g Circular Cylind_er - Suri'ace..7_p is the Luubounded

2 _

"..-.ightcircuia_" o>: + 5y _ + 5zF- - 4xz + 4xy +.Syz - 36x + 1By + 36z = 0 in

Figure 6-5. 1_ote that an u2kbo'_ded surface such as this, or either of the

next two su£_faces_ cannot, be used in the shape factor co_Y@utations except as

an interfering surface or as the base su_-£ace (the suz-face containing the

point) for a %_oir_.t-to-surface sha-oe factor. Ehis su_Sace is defined by input

Flag 3, the axis points (1,1,-4) and (2,-1,-2), plus the radius R = 3. The

de}endent variable is x_ the surface has no bo'_udaries_ and a side index 1.0

_s g__ven. Lb%e ___._o_with c_e ref'erence poin-, (7_0_0)_ indicated bv_ i_,___ equa-

J-j . • . _ •__op__ this defznes the __nsi_e of the cylinder But with the sr:_%!! cor_,st.e.nt

co-,.:puted _-,-_athe p-.'..........oo= =:.-_%the rei'ere::ce -ooint is chamge:i to (0,0,0)_ and. with t_,___._

bh_ S OJ.,_.O._ actually given. T%_e input for thisposz_.zse ".de index_ the _-" __ is

surface is:

SF S DV _

3 5 1 o

ssi

I.

Xl Yl zl x2

z.. z. -4, 2.

Y2 z2 R

-z. -2. 3.

L 0 O I(H F E D
6-8
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Figure 6-5. Example Problem #! - Surface TrP_-
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f

I

Surface $6 - Rimht Circ.:u!ar _j!_inder - The unbcu>_<_ed cylinder x +
J

2 .f/f

z - 2x + 6z - 15 = 0 is sho:m in Figure, 6-6 s _-_surface -z;o. This cylinder

is defined by input Flag 4_ the three surface points (no t_,_oon the ssme

element)(i,1,2),(-S,O,O),_n_ (%t!), pl_ the di_ectio.__._ber_of _n

element (0 : i : 0). On this cy!inder_ the choice of dependeqt variable is

restricted to x and z (x is given) since the elements of the cylinder are

parallel to the y-axis. With the reference point (0_0_0) inside the cylinder_

the side index 1.0 specifies the inside.

SF

SS!

1.0

x I

i.

Y3

2.

S DV NB

6 i 0

Y! Zl x2

]. 9. .o

z3 L H

!. i.

The input is:

Y2 z2 x 3

0. O. 4.

N

O. 0.

2
Surface #_ - Q__s_Sric Cqinder - _he h_q_erbolic cylinder y

2
- Z

+ 6_I = O, surface _/r_ is illustrated in Figure 6-7. With input Flag 5_ this

surface is defined by the five au_f_ce points (no two on the same element)

(0,0,8), (o,6,!o), (o,4,1o), (0,!5,!7), _.d (0,-15,_) >ms t_e d._reo_.io_

nL_bers (! : 0 : 0) of a:_ elc:xX.,. Si__ce the ele::_ents are parallel to the

x-axis and the tangent lo!anes _ons the _ine y = O_ z = 8 are horizo1__ta b

z is the onRy choice of dependent variable. Relative to the reference point

(0)0_o)_ the side index -!.0 indicates the concave sSde of each sheet of the

hyperbolic cylinder (top of the upper sheet and bottom of the lower sheet).

With no boundaries given_ the input is:

SF S DV _B

5 7 3 0

SSi

Xl Yl zl x2

0. 0. 8. 0.

Y2 z2 x 3

6. io. o.

LOCKHEED
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Y3 z3 x4 Y4

-6. i0. o. 15.

z5 L }4 N

17. i. O. O.

zl_ x5 Y5

17- 0. -15

_arface _8 - (_a@_ic of Revolution - Surface w=8 is the section of the
2 2 2 2 2'

paraboloid of revolution x + y • 4z = 0 cut by the sphere x + y + z -

i = 0 as shown in Figure 6-8. The input Flag 6 requires an axis point

(0,0,0), three surface points (no two on the same cross-section) (0,0,0),

(-2_T,-2), and (0,-2,-1), plus a second axis point (0;O, 1). _ne dependent

variable is z and one boundary is given. _ne reference point is (l, 0, O) and

the side index 1.0 gives the convex (outer) surface of the paraboloid. Since

the area of surface #9 is -" " _ = __equ_r_a_. the limits -.97175 < x _.97175 and

-.97175 <_ y __ .97175 and a vab_,e of 15 for C-_ .....given. The inpu±, is:

SF S DV NB

6 8 3 i

ssl }_II_-1 I_x-_ _Ii_-2

I. -.97175 +.97!75 -.97175

Xl Yl Zl x2

O. 0. O. 0.

NAX-2 GS

•97175 15

Y2 z2

O. O.

Y3

2.

z5

!.

z3 x4 Y4 z4 x5 Y5

-2. O. -2. -i. O. O.

Surface _9 - General (}aadric - _urzace__ 7,_-'_is the. ellipsoid, FJguwe_ 6-9,

2 2 2
x + 4y + 9z - 24x - 48y - 36z = 0. Input Flag 7 and the nine surface

points (0,0,0)_ (30,6,2), (-6,6,2), (12,!5_2), (12_-3,2), (12_6,8), (12,6,-4),

(0,0,4), and (24,0,4) define the su-_face. The dependent variable is y

(Flag 2) and no boundaries are given. _he ellipsoid contains the reference

point (l_0_O) thus the side inSex .].0; gives the inside. _he input is:

SF S DV NB

7 9 2 0

6-13
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(0,0,0)
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e (-/_f 2t -2)
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AXIS THP,OUGH (0,0,,=2)

/
B)

C)

S8

BI•I =x 2+y2-I

CENTEF'. (0, 0,0)

RADIUS = 1

=0

Figure 6-8. Examole_ Problem 7rl_ - Surface f_S
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./

SSI

i.

Xl Yl Zl x2 Y2 z2 x3

O. O. O. 30. 6. 2. -6.

Y3 z3 xll Y4 z4 x5 Y5

6. 2. 12. 15. 2. 12. -3-

z5 x6 Y6 z6 x7 Y7 z7

2. 12. 6. 8. 12. 6. -4.

x8 Y8 z8 x 9 Y9 "z9

o. o. 4. 24. o. 4.

11 - °i _ "J-Surface j?lO .DJ._3l..e._e S_Jrf_ce Eauation - Surface _/10 (Figulre 6-10)

2 2 2 o _ _is a different section of the ,.s_l_re......_ + y + z - =x + 4y 6z 35 : 0

first defined in ...... I_.sa_±ace Flag $ and the surface nuJ_iber 4 define surface

!0. _he dependent va_:iab!e fo_ t]_is suz'face js z and two boundaries are

required. Side index -!.0 indics:tes the outside simce the reference point

(i_0;0) is inside the sphere. 1{ote tba_ the reference point is not printed

out Since this is a duplicated ..... _s_u_ce equation The input is:

SF S DV I_B

8 lO 3 2

SSI

NS

4 indicates that the equation of

surface 4 is to be ¢_uplicated.

End of Surface Input - T._e end of t_e surface input block is mar]:ed

by a card giving an mnouo_ formao =>9 ana a _u!_:_y surface n_mloer.

SF S

9 ii A surface munber not being used.

Boundar_v !nout

BoundarF. o_ _ce 7,3 - Izst _ ___c]r c o..."__ce - The first boundary

surface_ labeled B(I,I) and meaning _ _sur±ace i, boundary i, is surface _Z3_

2 2 2
labeled S(3)_ the sphere x + y + z - I = 0. Since t__:isboundary duplicates

a surface_ input Flag -i is used with the nut,bet 3 of S(3). Since the refer-

ence point (0_0_0) which is not printed out for the duplicated equations of

B(l_l) of S(3) and the required area of S(1) are both inside the sphere S(3),

LOCKHEED
6-16
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SPHERE

2 y2 z 2x + + --2x+4y-6z-35 =0

CENTER (1, -2, 3)

RADIUS - 7

\

PLANE Z = 3

/
BOUNDARY #2

SIDE INDEX-1

BOUN DARY # 1

2 10y 2 - +40 y 8 = 0x + 2x -

SIDE INDFX + 1

s (lo)

7-1 -Figure 6-10. Exs_mple Problem _ Su_face #i0

LOCKHEED
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,.f

a side _nc.x 1.0 is used.

SF

-I

_c ir@ut is:

BSN B SN BN ZSI

1 1 3 -- 1.

P_uncmrlc " Surzsce_.i(2- 7__P£_t:n£_%,!_a_P]=a>_e - [_e second, boundary surface;

_(2,1)_i_t_ lirasbo_,n_:_yo_ S(2)_nC_i_ theN_n_ thro_oshtheV.,opoints

(0;3,0) and (0,0,-4), perpendicular to S(2). Using input Flag O, "the suE-face

is defined. by the boundary points (0,3,0) and (O,O,-b). Thereference poiKt

(0_0,0) and the required area are both above "she boundary plane hence the

side index is !.0. _e input is:

BF ESN B • SN BN BSI

0 2 i ..... i.

Xl Yl Zl x2 Y2 z2

O. _ O. 0 c,.. -],J,

Boundar_,E_ _=_rface-.]_ -Plene on @.md_>ic Surface- _ne third boundary

s<_rface; B(4_ i); is the plane z - 3z + 8 = 0. With input Flag i the equation

is defined by the three non-coiinear boundary poircts (_b-2;3), (7_"5_5).-, a<d

(7,-_-,_) _ .... ....1_e required "_.... and <_e reference roknu (0_0_0) are below "the

plane giving a side index of 1.0. The input is:

BF £SN B SN BN BS!

i 4 1 .... i.

x! Yl Zl x2 Y2 z2

!. -2. 3. 7. -5. 3-

Y3 z3

i. 5.

x 3

7.

Boundary S'o__face £__L._$Sh%__Cj:rc%k__ILGl_g_i>_¢___ - _e fourth boundary

surface; B(2;2); is '-_ cylinder 2 2_n_ x + y - 4 = O. With input Flag 2; the

equation is defined by the two axis points (0;0;0) and (0;0;i), plus the

radius R = 2. The reference point and the required ares. are both inside the

cylinder_ so the side index is !.0. __',einput is:

BF BSN B SN BN BS!

2 2 2 .... i.

LOP-.KHEF. D

. --:5 ==-_. _-7-_,-

6-18
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Xl Yl Zl x2 Y2 z2 R

O. O. 0. 0. O. i. 2.

_ Jl- .__ .L . •Bo_mdn'_ Surfac_ Z,, I -- Rz_h_ C_-rcltlar Cvl ._r_de_..... .............. ::___._.............. ,=.........!=.;.... =...... ,;_ ...... ..- The fifth boundary
2 2

st1_fsce B(I.%2), is s_._-faee y + z + 4y 6z 0. _s _ is- = surJ _ce defined

by input Flag 3_ the t_ee boundary points (7,0_0)_ (7_b5), and (7_-5_5)

(not all on the same element ),plus the direction nu_ubers (i:0:0) of an

_ne side index 1.0 gives the outside Of the cylinder. _ne inputeffement.

is:

BF BSN B SN BN

3 4 2 ....

x! Yl 7'1 x2 Y2

7. 0. 0. 7- i.

Y3 z3 L _i N

-5. 5. i. o. o.

BSI

i.

z2

5.

]3oundar_r _,_r-_ace _<6 - £_ad-_c Cvq_,._-_ • T_ne _"-_

l " '-" 2 2B(I0_!) is the e_!_p_ic cylinder x + ICy- - 2x -" 4Q7 -. 8 = 0. Input F!a_ _!,

the five su_f_oe poir_,_s(-6,-2,3), (-2, o, 9), (bo, 9) (-2,-_.,_)'_ , an_ _,.,'_'-k,,9)

(no two on the Ssme element), p!Ls the d-Lrecbion num:bers (0 : 0 : 1) of a__=

element. _9_e inside of this cylinder is specified by the side _iudex 1.0.

_ne ff_:pu% is:

BF BSN B SN BN

4 lo _ ....

xl Yl Zl x2 Y2

-6. -£. 3. -2. o.

Y3 z3 x21 Y4 z4

-_. 9. 4. o. 9.

z5 L H N

9. o. o. i.

is the plane z - 3 = 0.

BSi

z2

9.

x 5

4.

x 3

-_°

Y5

-4.

]_oundary S..:._a_<-: _7 - q.k.a__c %_he seventh bou_:aa=0, surface,

Input F.!ag ._ and the ten coefficients i through J

LOCKHEED 6-19
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of z -3 0 are used %o define this ......: _UZ.L_.,ce. The reference point (0, OjO) is
f

below the boundary plane; thus %he side d_ndex -i.0 indicates the upper

hemisphere of S(10). _ne input is:

BF BSN ]_ SN ]BN

5 Io 2 ....

A B C D E

O. Oo 0. 0. O.

H I J

0. !. -3.

BSI

F

0.

G

0.

Bounda_-¢ S_.z_._.cc7,<R- Dj:)h_:_'ca/cp._.Bo<_LnjS._f.kSurfaq.e. - _he eighth
o 2 2

boundary surface_ 3(8_i)_ is x- + y - z - i : 0. Since this is the same

as boundary surface B(I,!)_ input Flag 6 and the su--_face number i plus the

boundary ntu_ber i define the boun_]a_'v su_,,_,ce _-_. ,q-_a_ index 1.0[( .... '_......

point for B(8,1)= reference poiut for B(l,l)]specifies the portion of S(8)

contained within the sphere. The inout is:

BF BSN B SN BN BS i

6 8 1 1 1 1.

End of Boundar[? block - A card giving input Flag 7 with a d_m_.y sur-

face and boundary nT_mbez's is re0fo.ired to c lose the bloc]<.

BF BSN B

7 ll i

Grid Poi_,rb Cor,m-.tat.ffo:£ a'_.__5_Storr';.-e - Surfaces S(]_), S(2) and S(Po) are

used in shape ....._ac_oL or surface area computation. _@erefore grid_ points

must be eo:r,_uted and stored for 'm.... •. _ .... surfaces and the input ms:

s(s) s(t)
-i I,_opreviously siored srid points i 2

0 Previously stored S(]) and S(2) grid points are on tape S

the input is:

S(s) S(t) I,,US

i i 2 0

Therefore

LO _'_3.t-_ FI E E D 6-20
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_arface-to--Surfsce Sha-)e Fa.cooz W_t}_ InberJ. er___ce - To compute the

shape ±act.r_ o F(I,2) with interferer, ce__ by S($), the input is:"

x s(s) s(t) _is

i 2 i-1

IS

8

Point-to-_o.rfsce Shape Factor Without !nterfere::ce - To compute the

point-to-surface shape factor P(1)F(1;2) from point P(1)with independent

coordi_ate_(0.,0.)o_ S(1)to S(_) ....._ _-wmb_<ouo interference reouires %he control

Flag 4; the surface n_ubers i and 2; the dependent variable z on S(1); the

nm_foer of points_ i_ the side incTex on S(]); the _ndependen% coordinates

(o_o) of_P(1), a._athe no_e_' of i_te_"Z'erinss_._-_,_'_.cesO. _is is Si_e_ in
the form:

K

2

DV

3

x 1

S(s) s(t)

i 2

NP SSI

] -1.

NiS

0

Oe

Yl (Since z is dependent)

O.

.Pg._-n_c-to-Si_s'-_fa__qe__mSi_.____F_s::=r2',%?p_=v-:_'iber____fe2e_s}p___ne input for th .....

ca,_,e _s a c:o_,bi_:alio'_ of %_:< .......... for %<,_e]_.,'_<_:_uS SU.i'/_.Ce'-LO-SuZ'Iit'..Ce S]-,& _-,_ f_.C:_or'

• _' _- q" 9 .mwith interference and the pomno-_o-_mr.Lace shape _'" .....:__<e<,o.,__?e inpRt for the

sha_,e _ -' _ -'-'-_-ac_.o_ P(!)F(1,2) .....e_c,,_point P(1) on S(]_)wzon interference b,_, S(8) is:

s(-_)
2

SS!

-1.

NIS

i

S(s)
2 i

DV NP

3

Xl Yl

O. O.

IS

8

LO C !'( I-I L_ E D
6-21
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Surface Area - Control Flag 3 and %he surface n_!oer are required
i

%o obtain any surface areas no% como'o.ted __ the s_ucface--_o-surface shape

faoto routine, inputfor areasof S(2)ana is:

S(s)

3 2

s(s)

3 8

End of inDut - _ne end of _npu. is signaled by a card with control

Flag 4.

K

4

Discussion of Problem

The input sheets required for this nrob_lem anti the ro_:_t_s o_+ ....+ are

given in Tables 6-1 and 6-2, respectively. Since this exs_@le problem is

intended only to give ssmp!es of each t_q0e of input and output, the values

coT_uted are not discussed.

In reading %he output, point q = (x,y_z) appearing in the printout of

the equations for stu_faces S(i) t_h_ough S(9) and all the bou_dary surfaces

except B(1,1) and B(8:l)is the surface or bou_udary sum_face reference point.

The nuT£oers in _..e lines ir'm:ediatel¥ below the re&e_ence po!n_ %, which occur

in the _or_____t,o_t for s_'f.'_<e,_ S(2)_ S(_) S(6), S(_f)_ S(8), __-_d S(?), mlu_ bo___-

dp_'y su_rfaces B(2,i), B(4,!), IB(!'-,2), and E(IO,I), are the values obtained by

sub-_÷_t_.........._-o the coordin':tes of tha s_0±oface points _se_ to define the sttrfac _

equm_2on into the equation. r_ one or more of '"___ _n_se values approaches the mag-

nitude of the coefficients; the limited accuracy of the digital solution has

probably ___esu!ted in an invalid equal ion. Note the machine discards the equation

if any of these values exceeds 0.i. However; this inflexible test is not an abso-

lute test, so these va!_tcs should be co_;pared "-'__..___nthe size of the eo__f_c_en_s._-_f" " _

For the surface-to-stu._face shape factor; the first line headed by

"DEI_S" gives the increments computed for the rectangle of the independent

variables with the givet< GS. _:e second line gives the su:"face numbers s

and t plus the product A(s)F(s;t). _%e third line gives the surface rms_ber

S and the are&, A(s), of S(s). rne last line in this output gives the surface

numbers s _m_d t plus the value F(s,t).

6-22
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r_'-F r*LR -ogOp

_- ,___T_>o .]_ine
J

gives -bile point nlmY__be-r-_i_ the sRri'ace n,ms:bers s and -b_ p].Rs ,-_,}:eS'snar_e" factor.

_e second line sires £he coordi:}ates of P(k) in %}re retina-b POII,S 0i',7 S IS

X(t)=. Y(i)=__ Z(I): ". _f' in-beg're-rind our=_<=o_"_" ....... are si-ven,

the interference pz'in±,out descri%ec _, alcove is added :in front of the f'irs-C line.

_}le surface az_ea printoRt is si<p]y L,ke sva'face nul,lber s ar.d the

_(ALiP!S PROBL_%I

_ie second exax:p!e erobfe:_ eylruxi:;:a%es a %yoica] rocket nozzle and

storage sphe:,'e problem. _%__ree surfaces are _nvo.]_ved. '-l}:e fir:st 5s a g-.-%_s,%:,_,_,:_

of a cone_ %:.:o Rz:its hish_ :..-i%L %ascs of -TN u ..... o ra6iRs and 1.2 5 R_Ai'Os ra.,:tius-=:J b_, •

................. _.......... .... _d-&k_;-S _'= • I ._ u.:k:.,_a_ ori a cof:xloK £[xJs ',,,']_%N L._±e

c,.L . , .J] .... ... -I 1 ,-
co:_]e _ b&2.'b-,_%<',._ 8% u_'.._: _:S ....... Olqd O:£ %.:le co:!o 8:1,::. e:,:-t,e::d]i_hS_ . _1- "i"_P "Ld--:-_-_'__, -be]o, .z [,]-e

cO.,qe. _:e []iiz'c-; su_l,.'i's.ce -s e <C6 _'"",t Cq' :'t:0:!:_.S :iV, 2 WhOSe ce!i-ge:" .4.s :" ItyK:_-_.s

from the axis of %i_e cone cy]i:_de_,"c<:'u-_ikatior arid .75 uni-ts %el o:: -bheir

jtmction, rsr'-_s _e ....._ 4s............._ o._eo_ , il!u_rtrated _r Fizfxr e o-fiB. _e ska-pe_ ±ac-_".+_o__s

f-_o<_,cone -to spb_ere_ f'-,'on,s:ltere %o c%:l:]:__{]er_anti from %<]" " - %0 co:::::are....... _ ] RtLO_f

COZ]IDLI_-_,C(_. ri_-,{ q ]L'es.F::_ tkiOt -"- 4"_ ......... '" • '_ ........... z..: .__:.'_. : :,4 .1:1.' ';:,L_ %}lr-; rIM.!'L.C i\l ? DI'O(L!__C:L,q ]!:L'@ 2:o]]i

comou_tod. TIR;_s d_ivisio_! 0:;7eaciz of the LF _z'oJatcts by the c:cn'_,'e:no d_,r - su_:'£t_.ce

areas ,vie!ds -the re:ta/]nin S %:-_ree sRa.pe .......:_. _:ooz =,.

• *)L__. i c_ ,_<s ___=, _.

Co:_{!_ - Th_ _fir-r,t fo,_r sR:'F:_Q':'s in the _ no_,.__= az'9 all _:,r%s_ of "o_,=-
.... - 2 ..... <_9 . _ 9 _.

cot-re -<pOx " _-2<-',2 - _L£ 72:_ 01. 0 c....... ., - : ,-- .-_- :: . _:.,=:._.c:es s(]) un_i J_:). give _,!_

iii yen az-ea,.

S(!) is defihed %b' i!%l)i-_:t _?]ac 6 f'of a qRs,,O!'ic or l'ovo.-LRi, Jon_ the axis

point (O, 0,.75), the i:,n..'ee __ .... _n_ . .o.._1 ...... poin-cs (0, 75: _p), (0,].,].7_), end

(O_].n_ ,o ..... _ ...... ]..._-<;,_.7_):._]--._ .... -the a:':k_: <,0_'......""+ (0_0_:-_). '<"_. I_,C ....U_ variable _

%]_e cone_ hence -b}:e convex (cuter) ...... . "suz._ce requ.iz'es a s_¢te xndex o:£ -l.O.

9_he ffimits on The ._-indeo.-<,d_._-t_.... yar:'ab]es are -1.25 :<x _< 2.25 and I r{5 ( [, (

2 75; while GS is set "a-'• eq.__.= to 15.
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o

(2, O, O)

S 1 =CONF. 256x 2 + 25",y 2 - 16z 2 - 72z -'81 =0

S2, S3, S4 = PARTS OF SAME CONF. - DIFFERENT VARIABLES

S5 = SFHi.:.RE4x 2 + 4y 2 +,<z 2 - 16x + 15 = 0t 'CENTER (2t0t0)t RADIUS

S9 = CYLINDER 16:: 2 + 16), 2 - 9 = 0

$10:$11 =PARTS OF SAME CYLIND_R - DIFFERENT VARIABLES

.5

Figure 6-11. Example Prob3em_
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6%C, ¸. --I_4 lo_op

• <_ FIsS 8 a_d the s_urface humour ! of

T1_e dependent vs:riable is z which o_,s-_............._,_ the limits on the independent

variables %o -1.25 5 x -_ 1.25 and -1.2_ --<=y _ 1.2_. _e two planes com-

prising the bo_nda_ B(I_I) are separated and listed as two boundaries. _ne

side index e-_d GS remain unchanged.

S(3) is defined by input Flag 8 and the surface mm_ber i of S(1). _ne

.L " o_dependent variable on _hm_ half of the cone is x. Two boundaries are used_

the new one boing the perpendicular planes x -.y = 0 and x + y = 0_ which are

combined in the single boundary "_ 2 2. s_z_,s.ce x - y - 0. _ne surfaces S(3) and

S(4)_ _.rU_hthis %oundary_ are sho_,m in Fiffare 6-12. With x dependent and the

given bom_dsries_ the limits on the indeoendent variables are "1.25 x 2

-.8838538 " y :_ .8838538 : 1.25 x 2 and .7_ _ z --<2.75. _T_e side index

a_d GS remain _ _ro -=_

()S 4 ms G_e:._,_,uuS invut _Jsf 8 _nd %is.surface "_,_<_-,=o_!_ Tne de-

pendent variable on this half of the cone is y with i.%__,i%s-.8838838 _- x

•8838838 and .75 _ z _- 2.75 on the independent variables. __%_er_±mber of

bc,undaries_ the side index and GS are u_che_g@_.........

S_here - The next four surfaces all !re on t_oe sphere 4x 2 + 4y 2

+ hz 2 16x + 15 0. S(5) gives the _ _, - = comp_e_e sphere while S(6)_ S(7)_ and

S(8) divide the sphere into approx_r.ately eoua__ subsurfaces each with a

diff'erc::n'tdependent _ariab!e (_._g<___e _o-13).
S(N) is de_d by input __'--_!_s i, the coordina-tes (2,0,0) of the '-_"...... cen-b .....

and the radius R : .5. _%_e de:}ende<_% var-ia%!e is x and no bo<r_nda.-,'-J_esaye re-

qui:oed_ [his sphere does not contain its reference point (0;0;0); thus the

side index 1.0 indics;tes the outside. [<@e !in.its are ".5 --<-Y -< .5 and

--5 s_ z _- ._ for %he ln<_pen""_ ...._+_var_ab!es end GS is 16.

S(6) is given by Flag 8 and %he ....surface mr_foer }. One boundary; _he
2 2 2

cone x - y - z - 4x + 4 = O; is used which cuts the limits on the

independent variables to -.5 x _/2 =-.3_35535 =< Y _ .353553} = .5 x g_-/2

and --3N35535 -_ z -< -3535535. _e dependent variable; side index; and GS are

uncle_ang<-'d.

S(7) is given by Fla S 8 an_ the sum'face nzmfoer 5. _ne dependent

2 2 2
variable on S(7) is y. Two boundaries; the cone x - y - z - [IX + 4 = 0
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Figure 6-12. "'-'_>__.......oi,._I>zoblem 7;-<-JL°_ Partitioned Cone
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c)

A)

S6
B)

F_gure 6-13. Example Problem _!2 Partitioned Sphere
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2 2
and the surface y - z -- 0 consisting of both the planes y - z = 0 end

y + z = 0_ are required. _he limits on the imdependerJt variables are 2 -

•3_3_D35 = 1.61164)!6 < x < 2.3535_4 = 2 + -5 x _/2 and -.3535_35 =< z <=

.3535_3,5. The side index and GS are unchanged.

S(8) is defined by input Flag 8 and %he surface n_aber 5- _%le de-

pendent _ariable is z. _e limits on the independent variables are 1.6h6446

- < = Y = -353_35- _e n_uuber of boundaries_ %he-< x = 2-353554 and-.3535535 < <

side irldex_ and GS are the ssme as for S(7).

Cylinder - rl_e last t_ee surfaces all lie on the cylinder 16x 2 +

16y2 - 9 : o. s(9) cy_ in or, S(lO) S(ll) eao 

give one-half of the cylinder (Figure 6-i_).

• -...... " " the

plus t_e radius F, = .75. _ne depende_'b _'ariai__le ,is x and o_e boundary is

reTJ.ired. 'lhe reference _oint (0_O;0) _ inside " _........._ ..... +he ,_,yl._:_u_r; so sir_e index

-].0 is required for the outside. The limi-_s are --75 --<Y -_ .75 and -i < z

--<-75 on the independent variebles_ while GS = 16.

S(10) is given by Flag 8 and t]:e surface nu_ber 9o Two boundaries

2 2
are required_ the new one being x - y =: 0. _ne limits on the independent .

variables az'e -.7P x \,_/2/2 _ _,-_ _,-, c, < _, -,-, "_ < <= .po0oo0o _ y -= ._a0ooOa and -i : z = .7_. The

dependent var_igole_ side inde:< and GS are __nchsnsed.

S(lq) is given by _Io,_ 8 and -bhe _ ...._'_ s_<._a_e n,m_ber 9- _he dependen±.

w.'cia%!e is y anti %he lJ<Tits are -._:_'<<,_'s : x : .po<n)oO e,_,.d-i "--<-z -<-.75

........ S_ ...... variables. _he l_zt_S:_ez' of bo ......d_ ......... _ %tio side index a...nd

CS are _r±ch_ngec!o

}PP-}4%_g--<{ .!nr,u-t

.k2u!!dgR:]:£.s_p_%_ %]d_£ Co.n/£ [:__ _-,-- o........ ,,:_ - o;]G

hot%o)4 by th@ SLTI'i?ac@ ]_DZ _" r-x • _-_-- _oz + So : 0_ consist!ng of the two paralZel

planes z - .75 = 0 and z - 2.75 = O. q_.Zesubsections S(3) and S(_¢) (Fi[dq_re

2 2
6-12) of the cone art separated by tLe surface x - y = 0, composed of the

pez_pe_,dicular planes x - y : O and x + y : 0.

Boundary Z(!_l); the surface 16z 2 - _6z + 33 = 0; is defined by input

Flag 5 and the ten coefficients £ tl_'ough J of the eq_at_iou, g_ne reference

point (0;0;0) for %his boum_ary ....r'o,_ •su___,c_ ms below the lower surface z .75 : 0

LOG J'<t'1 H _D 6-38
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Figure 6-14. Example Problem #2 - Cyl_nder
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vhile the required portior, of L._e cone is between the planes z - .75 = O and

z - 2.79 = O. _%erefoz'e_ the side index is -i.O.

_(3,:L)aria>(%Z) auplio_:teB(%l) a_ _ gi_e_b_ in_t F_S 6 the s_.

face n_ber is a_d the boundary number i. 'lhe side indicies remain -i. O.

£(2_.I) consists of the lo_Ter plane z - .75 -- 0 of the surface 16z 2

- 56z + 33 = O. _Ss boundary s_z'face is defined by input Flag I and the

_hree noncolinear points (0, O_.75)_ (0_.75,-75), and (-75,0, .75) on the

boundary surface.

_e reference point (O_0_O) is below the plane and _he required

portion of the cone is above it; thez'efore the side index is -L O.

_(2_2) is the upper plane z - 2.7_ --:O. It is defined by i.nput_, Flag i

a:_cq the three non-coiinear points (0,0,2.75), (0,1.25,2.75)_ and (].9_5,0,2.75)

On the bo_.n_a.cy pqa>e. T_,:e reference poznb aK! the required surface area are

both be_o>: _ - -P.75 - O_ so the __,_u<_ __.;_c_u:.__s ].0.

_(3_2) consists of the two perpendicular p]anes x - y = 0 and x + y =
2 2

O combined in the surface x - y = O. E_is boundary surface is defined by
2 2

" "'_-_"-Y_ G'_ =: 0o_nzput Flag 5 s,>d the !0 co_-°e'_c._e___._-,-'--_' A t .... _a.o** J o-r._ the equation x - y

_e- ..... _,,_.___,.oe_::tfor _o,:,.>e_.r-,, s;c--fa._.e :,(3,_) -_-_ (>,o,o) and the _:_e in_¢.:

I.O specifies the -bwo opposed secisioms of the cone required for S(3).

_(t,_).... i_ t_ s__,_oa_ _(_,_), so _: is _..e_'°_:n_,_.">_ in>_.__FZ_S o,_ the

sv>__face >u_:.l,e-_" 3_ and the bo_I!_e_..1, ,_ S'tl'P-7_[:e .r_z].?:be_: 2 2}o.e rcmsinims %,'o sec-

b._qpn,s 0:_' g.':e c57.o s.::o 2:c_ _._;a¢-_,w,.v. _.,j ,.',, a::,(.i are d¢,--";_,_,c] >" s-iCe i>do;c -__. O.

._>>.q-_-;';!-.qq...o_:,_ucLL-z:'._..P-&rs££-s>,c;t>z.ee su:,_sce-t:-_o,-,_ss(6)_ s(7) _,..,_dS(8)
2 2 2

_Ix + 4 0 Oivides bhe Cp_"-,>_ "-r' . ............ _ z..:__.o ±,hre._ _ertica_ s]N.ces _%_e two o_.tside

P 2
y + z O_ given bS' tl:e sS-ngle sRrface y- z = O, separate the center s_t___ee

into fou_: equal ]:;s:_ts, two c>>_osed sections apiece " * S(7) and S(8)-_ ±O_ •

B(6_I)_ the cc)ue x? 2 2- y - z - _Ix + 4 = O_ is defined by the input

Flag 5 and the ten coefficients A tbi-ou_: J of the equation. _e side in@ex

i.O and the refere_ce point (0_0,0) clefShe the two end slices of the sphere.

s(7,-_) _._ >(8,1) are the _;,,,_ "- _....._e cone defined by >>pu_ F:l.ag 6_ the

a9 - _ ........ _ _a. __su__.ace >:dmber 6 arid t1_e bozmr_a>- surface >_r_be:r q 0_ these two surfaces,

LO C I'(H E E I':l 6-40



c / _ °° " --the center _,l_ce o- the sphere is re_TJ__red so tLe side -,.ndex ms -7.0

B(7_2) ms the _ -r..... 2 2 -, ...... -.... 7-_• ,mzJ.,.ce y - z = 0 which is ae,_.Ln_o 1D_ .__npu'-"L _}._.g 5

and the I0 coefficients A thz'o;,zgh J of %he equation. T__zesiOe index for the

two sections of S(7) is I_.0.

B(8,2) du_l.ica-be.s S(7, P),- wltm i._s_>u%__-'-_cs 6, -the suz.......:.<_e .:v,,o_z_."'" _-' 7,

and the boundary surface num?oer 2. _e o'"o_oe index for S(8) is -I.0.

Boundaries o_ the _,_lJnder - _e cylinder_ suz!_ac_.o_ S(9)_ S(IO)_

and S(II)_ are bounded o_! the top and bottom by the surface 4z 2 _ z - 3 = 0

composed of the parallel p:Lanes z + i = 0 and z - .75 _ O. _he two sections
2 2

of _he cylinder S(10) and S(3.1) are ___ ..... y°_'-n_-r"'_+_R "by bhe ss0_.,e su2:face_ x - =

B(9_l) is the surface 4z 2 -:-z - 3 = 0 _.._hichis cqefined by the .input

Flag 5 and the ten ccefficie:tts of 4z2 + z 3 = O. 'i%_erequired area of the

UyJ__tliLtu_r" ttii_t U±i_ iUit.__rt,-.'iUU _bt)_!liu kU:t_O i)()-t}D }7i(C ]-)(."4->Zt2C_Vl"[]?_C;]],_IHr_c]r_,-y'j_]8)DeS

z + ] = 0 and z - .7) = O. _Tnerefore_ the side inde:< is i.O.

B(I0, I) and B(II_I) duplicate B(9;})> using iz.;fu_tFlag 6; the surface

number 9;- and the bou-ndarj surface r:u:r-oer1.

B(10_2)_ the ._.,..o _ 2 2 = o___,u.n_c_ a quadrie cyl!_der by

input ria.g _f, the five sur_.'ace points (0,0,0), (1,?_,0), (2,2,0), (1,-i, 0),

arid (-2_2_0)_ no two on the. same ele:..eno_ _3_us the direc-bion numbers (0 : 0 : l)

of an element. __he two sections of S(lO) are given l_y the si@e index !.0.

an_ the to_,.-_a -u... rj nuz_]:er 2. As the two rems.in.i,__Lj sections (_ot in S(}0) are

re:luired for S(ll); tLe side inde>: is -I.0.

. .L 0 .L -" .

Grid points are reauired, zor s.31 eleven...... _.___._..._.-.__-,_'_-_'The _soe f...._o_ _,

rC2,_), _K%2), and r(5,P) _ro _'e_u:tre_for _he co._,_le_ surfaces. _e

equivale!it shape 2acLoz's ]?(3,6), F(3,7), F(3,8), ]7(4,6), F(4,7), F()',S),

F(6,1o),F(6,11),r(7,1o),r(_,l_),_.'(S.lo),r(8.ll),_'(io._),and F(iO._)

in terms of the subsurfaces are also computed for eompe.rison. Note that by

s_..e_ry r(il, s) e_.ls r(lo, t) a_a r(l__,t) e_:,..ls r(:,'o,s), s.o t._._o.__ro _ot

computed.

LOCKHEED
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Discussion of the Prolfle_},!

E%e input sheets for this prob!c'__ s,nd the output are found in Tab_les

6-3 m_d 6-II_ rc._spect:ively.

The relative accuracy of the computed w_lues of the shape factors and

the shape factor area products are evaluated in terms of the accua'acy of the

. .L •area co,_p'_ta_mo_s.

parison •

_e values for the area of the cone 6_ve "the most stri]<in&< example

of the effect of the choice of depe_idel_t variables on the computed areas.

_i_e area o_ s(1) is oor:?_o_ _ 23% ,_h_le t_e aro_ o_ S(2) is ._2.1_a__-__he

of a cone can be co._puted exactty; these mm_bers can be compared with the actual!

ares. _[%e a_'ea of _-_ co_e io o_le c_ec;_!a! is 12.9._e _ '.[_ms; the astronomical

area c9mPu%ed for S(1) with y-dependent is in error by a factor of slightly

over !8. With z-dependent the area of S(2) sho,_s an error of 3.9_ while the

division of the cylinder into _,,_osections S(3 ) with x-dependent and S(4) with

y-depe:_ient reduces the error to I._[. Simi]erbb the area on the sphere S(_)

is 3.30; the area on the par%itio_ue<] sphere 3.22 wh_]e £he actual area is 3.14.

For the cylinder S(9)_ "the area is 7.!_6 but the partitioned cylinder gives the

exact (to t_o decL_s_s) area 8.2)_.

Since the AF pro_ct is an addit:ive quantit b the value of' this product

and he_ce the shay,e factor can be o%tar_ed for the partitio_.ed surfaces "_y

addi_ug _F products_ adding areas and tP.en divicl_ns the total AF product by the

total area. For exs_p!e_ in cor:_imtinS the _%F product from the cone to _}__._

sphere, the total AF product is obtsined by add._r_S _(3)F(3;6), A(3)F(3,7),

I(3)_(_,8),?(_)_(%6),i(l_)_'(}_,_0,and _(_)F(bS). _is is d±v_dedb_ t_e

total area of the cone _.,iich is gJ.ve_ by the st_r:of £(3)and A(4) to give the

shape factor from cone to sphere. Note that the shape factors themselves are

not additive.

[_e if products from cone to sphere are .121',with single dependent

variable or .132 for the partitioned surfaces. The AF product fro_ the cylinder

to cone shows more variatior_ as would be ex_ected since -the points on %he lines
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x = O_ y = +-75 are "vertical" points on the cylinder with x-dependent. _he

values of the AF product are .0133 with one dependent variable or .0191 for

the partitioned surfaces, From the sphere to the cylinder_ the AI_ product

is .211 with x-dependent and .913 partitioned. _is _elati_ely small

difference in the _A_'product is due to the fact that the area a]ong the

curves of vertical points has relatively little effect. Note that the !il_es

x = O_ y = -+.75 on the cylinder cauno$ be seen from any point on %he .sphere ;

%hus_ the areas along these lines will no% affect the AF products.

The shape factor for the partitioned surfaces can be computed by

dividing the total AF product by the area contoured,as the sum of the subareas.

_is gives the comparative values of .0101 and .01011 for the shape factor

from the cone to sphere. The ]arges-b difference is in the case of the shape

factor from the cylinder to cone which changes from .00178 to .00231 due %o

the partitioning. A!%hough there is relatively little difference in the

A,_ products between +he sphere and ............__ _d_±i_u_J_ i,be difference in the area of the

sphere produces a change from .0640 to .0662 for the shape factor.

From this it can be seen %hat partitioning gives more accumate values

for the areas of the c one_ sphere and cylinder. In general_ with one dependent

variable_ if the surface has a cuz've of vertical pointsj the accuracy of the

computed area is strictly by chance with no way to el_ninate the possibility

of a blow-up as noted on the area of S(1). On the other _and_ if a surface is

partitioned so that there is no curve of vertical points on any subsurface_

the max_m_um percentage- of error is proportional to K/(GS) 2 where K is a con-

stant for any given surface shape and partitioning method ass_mling that the

same value for GS is used for each subarea. Since the area generally affects

the value of the AF product; the accuracy of %he area is usually reflected

in the AF product; the shape factor; or both.

A summary of the computed AF products3 areas and shape factors is

given in Table 6- 5 .
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TABLE 6- 5

SUHHARY O!9 _!bUC_PI_ PROB__2_'4 _2

I

I

i

f '

Fk'om

Surface s

cone s(1)

!Cone s(2)

Cone

S(3) + S(4)

Sphere S(5)

Sphere S(6) +

s(7) + s@)

Cylinder S(9)

Cylinder S(10)

+ s(Jl)

To

Surface t

Spher'e S(5)

Sphere S(6) +

s(7) + s(s)

Cylinder S(9)

Cylinder

S(10) + S(ll)

cone s(?)

AF lh'oduct

•1244

•1321

•21_]_0

.2132

.O±DoO

Compute d

238.4

12.37

12.68

Area of Sui_face s_

A _)
True

12.94.

12.94

12.94

3.297 3.142

3. 219 3.1,_12

7. 455 8. 242

8. 240 8,242
Cone s(3) +
s@) •01906

.01o06

•01042

•o64oo]

.o6624

•OOJ to_

.002313

FF_AHPI_ PROB_EH I,_3

The third exe__ple problem deals with a sphere inside a cube• _hile

this is not a strictly practical prob!em_ it is sgnilar to any problem in-

volving an enclosed component or storage tank. The particular geometry_ how-

ever_ was chosen to test the accuracy of the progra_n. For this reason a

geometry was chosen for which the shape factors as well as the surface areas

can be computed• With the surface areas and shape factors the AF products

can also be obtained• Thus_ every value confuted by the program can be

checked for accuracy.

The geometry is illustrated in Fig_tre 6-15• The sphere with radius 2

and the cube which is 4.8 units on the edge are centered at the origin. The

top and bottom of the cube are parallel to the xy plane_ while the front

(called surface S(1)) lies in the vertical plane through (3,0_0) and (0,4v0).

Shape factors are computed from the front to the top_ to one sid% and to the

%ack of the cube_ with and without interference by the 'sphere_ as well as shape

factors from the sphere to the front and top of the cube. Due to symmetry_
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. ;-----7

SPHERE ./__k_ "1 _

S5-S 6 _ . '_A/'\ _-

(.48,, 3.361-2.4)

2__ (3.35t_.48,2.4)

:(o,o,o)
I I /I ....

..; !i//

./..._ "-.... _ (3.36, _.48 ._2.4)

S 1

s2

S3

S4

S5

S6

STt $81 S9

=PLANE 4x+3 7-12 =0

= PLANE z - 2.4 = 0

=PLANE 3x-4y-12 =0

=PLANE 4x+3y+12 =0

= SPHERE x 2 +y2 +z 2 - 4 =0,x-DEPENDENT

= SAME SPHERE,. z - DEPENDENT

= PARTS OF SAME SPHERE

Figure 6-15. Example Problem #3
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the remaining shape factors duplicate these. Ik_e to the orientation of the

top of the cubes its area is not computed exactly. Thus_ the shape factors

involving the top are also computed for comparison with the values o_tained

using the vertical surfaces.

Surface _npui\

__be Fotu _ of the six surfaces of the cufoe are specified as surfaces

s(1)to s(_) s(1) (thef_ont)lieson-_hep_ane_x + 3Y- 12 =0. S(2)

(thetop) lieso_ the plane_ - 12= 0. S(3)is the fa_ _ide of the c_be and

it is on the plane 3x - 4y - 12 = 0.

s(4) (thebac_)is on4_+3y+ 12 = O. _ene_r si_eon3x- 4b_+

12 = 0 and the bottom on 5z + 12 = 0 are not used due to the sF_mletry of the

problem.

_ ° _S(!) is de_mn_d by input Flag 0 for a plane and the t_ee surface

_oi_ts (._48_ 3.3_ 2.!.,)i.48_ 3.3G, -2._), or_a (3.36, _.48_ -2.4). _e

dependent variable on S(1) is x and three boundaries are used. The reference

point (0_0_0) is at the center of the cube. Therefore_ the inside is

specified by the side-index 1.0. The l_its on the independent coord_na_es__-

are -.48 _ y = 3.36 and -2.4 <= z _ 2.4 while GS is arbitrarily taken as ]5-

S(2) is defined by input Flag 0 for a plane and the tb_.ee _urface

points (.48_ 3.36, 2.4), (3.36, -.48_ 2.4)_ and (-3.36_ .48_ 2.4). The de-

pendent variable is z and three boundaries are used. __e reference point

(0_0_0) is below the plane. Thus_ the side index is 1.0 for the inside of the

cube. _ne limits on the independent coordinates are -3.36 _ x -<-3.36 and

-3.36 <= y _ 3.36 with GS again equal to 15.

S(3) is defined by input Flag -i and the coefficients 0_ 0_ 0_ O_ 0_

0_ 3_ -4_ O_ and -12. The dependent variable is y and there are two boundaries.

The surface reference point is (0_0_0) so the inside of the cube is defined by

a side index of !.0. The limits on the independent coordinates are -.48 _ x

_- 3.36 and -2.4 <= z _J 2.4 with GS equal to 15.

S(4) is defined by input Flag -i and the coefficients 0_ O, 0_ O_ 0_

O_ 4_ 3_ O_ and 12. _e @_ependent variable is y and S(4) has three bounSaries.

The reference point is (0_0_0) and the side inalex is 1.0. The limits

on the independent coordi_ates are -3-36 <= x <= -._8 and -2.4 _ z _ 2.4 and

GS is i_.
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2
Sphere - The remaining surfaces give all or part of the sphere x +

2
y - 4 = O. S(5 ) and S(6) show the entire sphere with different dependent

w,ri_b_les, a_'faces S(_r) and S(8), S(9) _d S(lO) _i-_-eparts of the _phero.

s(_) is defined by _np_._ FAas 1 _r_d the coordinate_ (0,0,0) of _ho

center plus the radius 2. The dependent variable is x and there are no

boundaries. _e reference point is (0_0_0) which is the center of the, sphere.

_ms_ the outside of the sphere is defined by a side index of -!.0. ff1_e

limits on the independent coordinates are - 2 _ y <- 2 and - 2 <= z $ 2_ with.

GS equal %o 15.

S(6) is defined lS- input Flag 2 pl_s the four surface points (0,0_2),

(2,o,o), (o,_,o), a:_d (0,o,-2). _ S(6) _ is de-.oende_t _._ith _o boundaries.

_l_e surface .......re_er_:_,_ point is (%0_ O) and the side index is -I.0. The limits

on the independent coordinates are -2 < x < 2 and -2 =< y < 2; while GS is !_.

s(T) ,is defined _,_,_......._p_+,FZa_: _ _.-_.. the n_,.__ 6 oZ S@) _,_:o_

equation is to be used for S(7). _me dependent variable is x and one boundary

is required. _e surface reference point is (0_0;O) and the side index -i.0.

The 19_its on the independent coordinates are -1.41]'214 _ y < 1.414214 and

-1.414214 < z $ 1.414214; while GS is !_.

S(8) is defined by input Flag 8 a._id%he surface nvu£oer 6. The

dependent variable is y e,nd there are %vo boundaries. The origin is the

reference point and -i.0 the side in_ex. The l_its on the independent

coordinates are-1.4142_4 <= x <= 1.411_21 !" and -l .414214 i z <= 1. 4111214; with GS

equal to 15.

S(9) is defined by input Flag 8 and the surface number 6. The de-

pendent variable is z and there are two boundaries. _he origin is the

reference point and -I.0 the side index. _e limits on the independent

coordinates are -1.4i421_ _- x -<--1.414214 and-1.414214 < y -<-1.414214; while

GS is 15.

S(IO) is defined by input Flag 8 and the surface number 6. The de-

pendent variable is z and three boundaries are used. Ti_e side index is -i.0

and the reference point is the origin. The limits on the independent

coordinates are -1.414214 <= x <--1.414214 and -1.414214 _- y < 1.414214_ with

GS equal $o 15.
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Zoundarx Input

Boundaries Of the Sides of %he Cube - The six planes containir:g %he

faces of the cube are used as boundaries either shr@!y or combined into

dou]ole-plane cylinders.

Boundary B(I;I), which consists of the parallel planes _z - 12 = 0

and 5z + 12 = 0 of the top and bottom of the cube combined as %he cylinder

2_z 2 - 144 = O, is defined by input Flag 5 plus the coefficients O, O, 25,

O; O, 0; O; O, O, and-144 of the equation. The reference point (0,0,0)for

_ - dethis surface is between the two planes. The_e_ore, the si index 1.0 is

used.

]_omndaries t_(_,l) and B(4, i_), which duplica±.e B(1, t), are given by

..... a__pinput Flag 6; the surface nu_be-_ !; and __:e boundary number I. _le side

indices remain 1.0. 9(1,2) duplicates S(3) and is defined by input Flag -I

plus the s_face __._,_- 3. _e _J_-uncc pojit is the o_'-__-o ........._a the _i _

index is 1.0. B(4,2) cup_ned_ 7" =_e__ B(I, 2) and is defined by input Flag 6 plus

the surface number ! and the boundary numsber 2.

B(I, 3) is %he near side of the cube (3x - 4y + 12 : 0), which is

defined by input Flag 0 plus the two boundary points (.]18, 3.36, 2.4) and

(.48, 3.36; -2.4). The side index and reference point are 1.0 and the

origin; respectively.

B(4,3), which duplicates _(1,3), is defined by input Flag 6 plus the

surface nm_ber i and the boundary n_u:x__ 3 <_e side index remains 1.0.

B(2,1), consisting of t__e %_o perpendicalar p__a:_es S(1) and S(3)

combined into the cylinder !2x 2 - 12y 2 - 7xy - 84x + 12 y + 141{ : O; is

defined by input Flag 5 plus the coefficients A through J of the equation.

_e surface reference point (0,0,0) and the required portion of S(2) are in

the same angle of these planes. Thus, the side index is 1.0.

B(2,2) consisting of the back S(4), is defined by input Flag -I and

the surface n_ber 4. _e side index is 1.0 and the origin is the reference

point.

B(2,3), consisting of the rear side (3x - 4y + 12 = 0) of the cube,

is defined by ._nput Flag 0 plus the boundary points (-3.36, .48, 2.4) and

3.36,

LOCI-(HEED
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The reference poi_t is (0,0_0) and the side index is 1.0 Note that
/ •

this does not give a closed system of boundaries for S(2)_since there is an

/f_

u_ubouuaed area in the opposite angle of B<H,!) which is not closed by either

B(2,2) or B(2,3). Since exact limits are specified for the independent vari-

ables on S(2) only one row of grid points crosses the unbounded area. Depend-

ing on the orze_uatzon o_. the boundary plonks one or more of these grid points

will be in the interior of the region. In this case, the cylinder of inter-

secting planes B(2,1) produces one e:<traneous grid point. This adds

= L(6.72)_/(15)2] cos (0°) units to the area of S(2). Thus the co.m-.200704

puted area given in Table 6-8 should be 22.65 or 1.6 percent io}:.

B(3,2), consisti_ of the fro_t, S(Z), a__d the bac_, S(_._), of %he
2 2

cu_e combine2 as the cylinder ]6 x + _£ + 2_xy - i_'4 = 0 is defined by

input Flag 4j the five boundary points (.4S, 3.36, 2.4), (3,0,0), (.I.36,

(0: O: 1) of an element of the cylinder, Since the surface reference point

(o,o,o) and the reo_ire_, area on S(3) tie bot_,een these pla_.es, the side
index is 1.0•

So_.n_.arieso_ t_ S....... S(_) a-_,_S(6) reo_.ire no bound,_rie_, but

the seotions S(_), S(8), S(_)_ _.d S(ZO) of t__esphere eac_ requ._re boundaries.

S(_)_ S(8)_ and S(9)par_itio._: the sphere in the _._e wa7 that the sphere i_

example problem 7_-_2.,..as p_'.rtitioned, while S(!0) gives one half of S(9) by

using the two planes of :_(_) individually as separate bo-o_udaries.
2 2 2

9(7;i); consistir_ of %he cone x - y - z = 0, is defined by input

Flag 5 plus the ten ...........coe.__zcme_._ A ti_m'oush J of the equation of the cone• The

surface reference point (i;0,0) an_ the side index 1.0 define the two caps

of the partitioned sphere, which are centered on the x-axis_ as sho,_ in

Figure 6-16.

B(8_I)_ B(9_I) and B(IO_I) all duplicate boundary surface B(7_I). Thus

they are defined by input Flag 6; the surface number 7 and the boundary surface

ntuaber i. Since these surfaces, S(8), S(9), and S(IO), are on the outside of

the con%the side index for each of these boundary surfaces is -i.0.
2 2

B(8;2); consisting of y z = 0 which combines the two planes

y - x = 0 and y + z = 0 into a cylinder; is defined by input Flag _" plus the

five boundary points (0_0,0), (0, t, 1), (0,-1,-1), (0,!,-1), and (0,-1, !),
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/ Fig_tre 6-16. Example Problem #3 - Partitioned Sphere
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together with the direction nm_foers (i: O: O) of an element of the cylinder.

The surface refer-ence point is (%!,0) and the side index is 1.0.

B(9;2), which duplicates B(8,2), is defined by input Flag 6 plus the

surface n_unber 8 and the boundary n_mber 2. Since S(8) lies in the angles
2 2

of y - z = 0 containing the xy - planE, while S(9) lies in %he angles con-

taining the xz - plane, the side index is -i.0 for B(9,1).

_(I0,2)_ consisting of y - z = 0, is defined by input Flag i plus the

point is (0,!,0) and the side index -i.0.

B(IO, 3), consisting of y + z = 0 is £efined by input Flag ! plus the

t_hree boundary points (2,0,0), (-2,0,0), and (1._d)I214, i, -i). The reference

point is (0;!;0) and the side index is 1.0. Note that while the union of the

t_(!0;2) and B(!%3) produces the sszs.e boundary surface as _(9,2), S(9) and

s(10) not t ,o surfaces,B(10, )and
acting together give one half of S(9); namely the half that intersects the

positive z -axis, while rejecting the part which intersects the negative z axis.

.Cpmputation Control

Grid points are required for all ten surfaces. _le surface-to-surface

shape factors F(I, 2), F(!,3), F(!,4), and F(2,1) are computed as __f the sphere

were not inside the cube. The shape factors F(!,2), F(I, 3), and F(I, 4) are

%hen computed _ith interferer_ce by tke sphere S(5). _e sY_ape factors F(I;5),

F(5,!), F(6,!), F(7,!), F(8,1), F(9,1), F(5,2), and F(6,2) are computed between

all or psa-t of the sphere and the front and top of the cube. To indicate the

relative importance of the areas at the intersection of the coordinate axes and

the sphere; as well as the area at the point on the sphere closest to S(1) in

the computation of the shape factor from the sphere to the front plane of the

cube, eight point-to-surface shape factors are requested by supplying four

sets of independent coordinates. Since each of the three pairs of points

(0,0,+2), (0,-+2,0)and(-+2,0,0)re{uires a different dependent variable, three

entries are required. The independent coordinates 1.2 and 0 of the closest

point (1.6, 1.2, O) and its companion point (-1.6, 1.2, 0) are added to

%he independent coordinates 0 and 0 of (±2;0,0) in the third er_%ry. The

computation of the area A (i) of S(IO) completes the comp'atation.
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Discussion of Problem

_ne input sheets and. the output for this problem, are sho_,rn in

Tables 6-6 and 6-7. in the closed s_r_:etric geometry of this problem all

the shape factors can be determined acc_ate!y from outside information and

reasonin S. _he only outside information recluired is the well known result

that the shape factor from a sque:ce %o a parallel square is .2 if the squares

are exactly opposite each other and the #kistance between them is equal to

the length of a side. k_nese conditions are exactly met by the front and

back; top and bottom_ etc.; of the cube.

From this it can be reasoned that the shape factor from any surface

of the cube to any other surface of the cube must be .2. Since the cube is

closed_ the s_m of the shape factors .....- _ _.. one side to each of the other

five sides must be i: but the factor to the opposite side is known to be .2.

_us the sup_lof the shape factors to the four adjacent sides is i -.2 = .8.

By syTm_etry these four shape factors must be eoyal and the shape factor from

one side of the cube %o an adjacent side is .8/11 = .2. _%lus the shape factor

from any side of the cube to any other side of %he cube is .2.

Consider the case where the sphere is in the center of the cube.

Since the sphere is completely enclosed: the s_n of these shape factors must

be 1. Again: by s_u__metry_ the shape factors from the s_here to each of the

six sides of the cufoe must be equal; therefore: from the sphere to any one

side the shape facto-_ is !/6. Using the fact that A(1)F(I_2) equals A(2)F(2:I):

the shape factor from a side to the sphere can also be co_kputed. The area of

sphere of radius 2 is 50.26: while the area of each of the sides is 23.04.

Thus: the AF product is _0.26 x 1/6 = 8.377 x F(2:I). From the shape factor

F(2,!) from plane to sphere can be obtained as 8.377/23.04 : .3636.

The shape factors from side to side with interference by the sphere

cannot be computed_ but it can be seen that the factors to the other four

sides should be equal and considerably larger than the factor to the opposite

side 3 while the s_m of these five factors should equal i - .3636 = .6364.

Table 6-8 shows %he computed and actual values for the AI,_products_

the areas and shape factors computed for this problem. The top entry in each

case is the computed _alue while the bottom is the true one. The identification

sphere -X; sphere -Z and sphere --P_ respective]y_ are used in this table for
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.,'//S_!.__J__ %£3

Fac%o:,:

Sphere - Z _o._ s(1)

•2000

•2090
•2000

.200Z

•2000

With Interference by S(5 ) 3.50 23.011 .]52 "<

3 .yO 23 .04

2 3-04

23.04

23 •04

•16!

•O29

•029 *

" " 1....... Skd.e

With .Interference by S(5) 3.50

With .Tnterference by S(5) .660

÷:-k_ese "fLute" va,]ues are cor_lOtttedon -the asstu_/c.ion "bha+

is eo:.mec-t, F(],)I) ,;it], inku'i'e:0cnce by S(>) is coz'z'ec%.
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%he values compu.:ted for %he entire sphere _["z'om-bhc ._&_!'p2:'oclRc%s end a_x:as

_ne -b-ruevaol_ue;sused for the %b_ree .... factors .....'s_<'<_pe _i o_,li._i-[,el'fe:<'eL,ce

arr.'el_ased on t_e__assumption %]'_a%_ sic,c'e%he :_d{_product and _=_-'v._;_'_'_c'-f'ac%or fro_m

____c_ to t, he be.d: _,,_±,no,r.L. in-berference, i?(l;)!)_ is correct to •

%hre9 significa._rb figu2res; the ve3p._.eof the P<F product and F(I;4) with

interference wi]_l be correc£ %o three si_snii'ican% fiGkv_,'es., r-,l_ure_.....or(;; since

_(!;_) = .029 with in%.erference a=-<_.4he sum of the five shape f'e,ctors from

S(I) %o <__e __cze,=. mus% equal .636, the shape factors F(bS ) and 1_(]_,3) should

be: (.636 - .029)/4 : .i}2 and the £}' products .i}2 x 23.04 = 3._0.

Co,n]-)a_-:r, = ihe areas; +>_ e ..... _,_ued are%

of %he ]_:h:,_itson the depende_4 ooo;',l-_e%es" "...... '-_-" _'_. c ........._o'; -,.,,h!].e bk_: ) does ,x)bo Any

pl.ane area such as S(I), S(3), aPd S(L) which covers the rectan.s].e of -the

dependent -..... _coo±t_zrm_es is cc!--:io\__ted exactl3_-,'esar@!ess o£ the n_mflber of grid

pO_TL%S used., r-RRe era'or oil S([%) is e_i,Rsed %9" points w.'Iose d.k_.zez_.,4ulml. LLr'cas

overlap the edge o_ %he .... "- " ' ___..... poi_rts

happened %o be inside %he square S(2); "t/;.u2.! areas would be included _"_" _ and. the

area would have been too large rather -/hs-___too s.mall.

_"ni.s o=<_-?"_'.,.=._z,_._,_:-_ can never be overcc;::e co:;::;].et<£v as', ]ons as %L,e

su_2_2aee _.oes r_.c:%cover %.},.ez'ecbaR;i]e of-b!:e 6.cS'e:_'de_utcoordinu.bes. }b-,-._ever_

if' the ....o _ ._su...._e_ _ s parbii.iop_e_.i inLo su_oarees -<1%.]: ib_e a-:_-L_z'oprie.le z'ee%_<:_.j 2._

of inO_epende:.,% eoor$.iz,a%es_ %]-e .<-_2uberof _z'id._r"oir'-tscan be _nc__...._s_,_ec_ ....."ffo_"a

.......... ' ....... s(>)_ebmt_[-k, zu !r_(hreRse ill aoeu.!'S.eL, ,". On _6]_*, so:N,%-J:e %110 8!'Ot\S ec_,p_.._eo_ oN

s(S), and S(?) '-,;" " ...... "..... "._o ....c.. -ii-__, Sl, pa_, uzbzonzm s the sphere

into three subaz'eas; %he erz'or is decreased fron! !!.}llJ to .16;q_.

In _ -__ " .... At,' pl'oduets arid sLipe factors = _"±o_ the eube_ it isCO.._)__ _A.g b_he __

no±,ed that uhe factor F(I_4) to _z__eopposite sicle is e:,:aeb while the ±actor

%0 -bhe top and _c._acer:o sides are %00 rl.L_-rl.]N!.S mS enbire!y due %o tPe

areas ver_ close to the eolmr,.onedge. _[n.is inaecumaey can be redueed_ but

• .- ._._ nnever entirely el_m.Ln_te_ "bb; _,.a._'-,_-i'-_.._on,,_<>.,::_-
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If the subareas are concentrabed along the corm;<on boun,lary_ the

partitioning gives the most improvemer!t for the least cost. Note on the AF

products the differences betv;,ecn compu-ced a_:d actual _Los.both F(!_3) with

and F(I;3) without interference by t>e sphere _re a.Tm_ost identical. 1'_ile

these differences for F(I;2) with and without i_rbcrference are very close uc.U )

the same value. _is indicat.es that the error is principally cor3fined to the

area near the common bounds.ry.

_e AF products and shape factors from sphere %o plane show the effect

of the choice of dependent variable as well as the advantase of _-.............p_.L bl u_7._Onk].S.

_he effec't of the area on the plane is shown by -bhe co:sparison of the values

comT)uteS for the f'-_ont and the 1:_ _,ri+'_,the accurately - -_ .............. _L _ O_ri b........... C O:{].p tl ueo a ii01.

x dependent (the best c_o_o_)..... t_,_-__' proc!uct shows con error o_--_.w1_c'and the

shape factor an error of q6.8_,.. If the z is depenc!e:o_t (±,he worst choice);

these errors become -17_:_ and -6.3[$; respectively; while _,zi%h the partitioned

sphere these errors are reduced to +.0_ a ad -.0op.

Cow,paring the AF product from sphere -X %o the top and fr.om sphere -Z

%o the front; the difference simply mitt'ors the low area compute& for' the -top.

The size 8.2 9 of the AF prodRct from sphere -Z to the top is exp.]ained by the

fact that the top (0;0;2) of the sphere ...._z_e±e the 6z'id poinbs a-e most densely

packed is also the point closest to the top of %he cube; },hi__e on sphere -X

the densest collection of grid points is aro_nd (2;0_0) while ......u_'_,u point

closest %o the _%-on-g of the cvCse is (l.6_.P;O) _%_u.sthe ...._ -_ of.......... e,__,<.O u the

reduced  rea for S(*_) (the top) o:: the AZ pro: ,,.,ct relati 'eb 
point-%s-surface shape ±ae%o.c_, show the variation in 2mi)or-tsnce of the

-" c,_o _ a_ •d.Lmze_e_:u_q_al areas as the point moves away f'rom the -'_*- po.,__,,u (I.6;i.2;0) where

the sphere and the front are the closest. At (]..6; 1.2;0) the fae-bor is

.98)t at (2,0,0) the -value @£'ops to .652; and at (0;2;0) tie father is only

•319- At the top of the sphere at (0;0_2) the value has dz'opped to only .005.

'l_ese _alues show the importance of co:-_c_;ztzauN<,_-_......._- the grid polaris near the

point where the distance between the surfaces is a minimmm.

Taken as a whole; this problem z3_]m_bz_e,, most of the factors which

affect acc<tracy. Additional cases such as from the bottom to the bop or from

the partitioned sphere %o the top could have been computed; however these
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results are easily preC.! _ ' the a_-._-._,d--dr,._.- . t;he _"Cb,2h. ]'roi2 W,CF]: ...... ._...... _"or $i< _''@ k_kctor

from bu_s:._'to too e::c]_,ie:-:' area,_ ";,,,. _,_ decre-_:x: t}_<_ A},' :$c,,:'ob._et> i"4% the

_}I= ...... f_cto -r" s.'!OLk]d_ be !:'DF!r]$ corz'ec't 7r. t_:© c;'SO O_ _I-_-_ ?.,], prc, c_u.c_ &.n,q_ _-, ......

. fac:tor from the part:i.tic::ed sr_=here to the %o-0_ the AF :;ro.Juct would be s]'g_,fl-,,_..

...._.l].=r wh. et-, would :_....L_t'_N@P_.'-3Q -he s}lob'e .m _ . .¢..... ._d.c uo_ _N',_c_ -f_Q;-;ql 1 t I!P. P S 1 r&H i --
............ ,5 .... d' i-q;) re

accu_ra%e /_ pro_u.ct but less " 1 ' _.-L_CCAro~ue s_os_c; f_kc:tor.

As r.o__.a"p" in the bour.,.,_:.l,'_,o---inDut section, pa.ge .S.-6o.._ the b.--,:,-fia_,:_- .... ._ B(2,!" )

composed of "_ ..... __-_zu=-"oeCtlF- S p!a!!cs is atI: ".-_t:propeF bounSe,_,--,j for t?lLs sb-r£s.r-e szr.ce

there is "-u unbou:,_ded area ir the o-rbo_:-_te anske of ....._ __ _ "-- _ _ __ b.,_, dout-,l e pl'kne c,;_ }._,x,er.

Under the cu,.d:_icns im-ooscd %, the " -,.- -_ gecL.._uzj of S(?' ) one extre.rzeous gr-d po-.nt

..............,: ..... " C_ LKICn_L!Q_S. _II [Ire_i _';}!-_ch [_S riot a i)@~i:'_,

of the c_.."f"_ _4.-,_ -'_ of "_" '".... .s.,_,_ _,is arcc .._. can _,.......e ....._,,_,_-_.:,._,f'_'_,,.i the -'_r:-h__ r_ -t:_,:,

_.o s(2).

A'= (x_._:.:-xw, ").,.:., (<..,...,,_..,.-%_i_) oo_, _) / (os)_

= 6.72 x 6.72 x cor_ (0) / 15 _

. := .00070;:

'['bus the o,_r,_,...._,_ of u,,r_)_f" s! au]d be 22 _' _ s!:_"a/l of' _2q :_o -bhe ........- - - - - • ' "-' ......... .__ coz re s,.,,c,} L,,_i.R S

'-_ 1.,, "9 , z c, -" .uerror 1.6)b rather w_a:. 7_. _!ne d_,_t_nc_ion between: the use of two inter-

secu_ng o_,_s s,s _ do:fiqle l_,_e c,q- ,_._ .... 7s the use of the same -,_-_,-_- --............. _ ........ J ........ _. _ _,,._S _S

two _-'s_'_'"__-.__::_,_. %otu@er'es is also i_].,-_-'_..i_,_.___.._._.=_,_,bv the areas- 17.0 ani c.,.a_ co':r,-

.o_te__ ?o,_-.. s(s._._:.::as(_c),,,-,..........,:.....:,_.___.-,_. -,->_..-_--"__: _,!o_'- __._,,_._e'" <,:_:-:,_',_,s(p) :_"

&efined by ts.',,-r_ a co_,_''___, ... x0_:'_,e_..............c2l:_,-,_-- qr _.;-te_.s,.._.. ..'4n___, __].a"-es a.s a l,o:<,!n_"y.__

ri'hus, 8(9) i,Ic!\,c_@s t-..:© o-'oooserJ s@oi,[.oF.s el '_ _h© sph'_L'e. For S(!O), t}!@ %-,.o

- -- ' .... _ 8("01)1 aN(_s Etre US{O 6"S S©g'f_rEi, L@ _[O'JrIdLLL'._.QS. P_S S?]Oi,,:i: i . 2 l_j]\ll'9 _',--l:;_ ..u ') CC:!-

sists of a s:!nsle section or one-ha, if of S(O), _..... _ ......-n,_..:.. exe,mp]_es _.,_=_ used fo

empho.sise the fcct that a boundary -'d_--a .... _,_te....... cuing_- cO,--;'- .... _ f'or:£(_ct by two -_,_ -,'_'_- _- p!a,t:es

splits tie surface into four sect_orls which are grolped im t_.:o sets of'

opposed <- _- " "_--" soeebxons. .__n:s is very u ezul for the pos'tioninD; of cones; cy!inders_

spheres etc. as shown in E:<amp!e problems 2 and 3. %,'o a(7di%ional surfaces

t¢ot_J_d be required for each of these -;? single plane boui',_dar_es were used _iN

place of %be do_b]_e plane ey]_inders. Note that for the spheres, a bouhdary

cone has a similar _ro=_rt o._- _,,_ _' However mr" "has also been sho]sn _'b:la-:]' t]ncriit_cal
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use of this type of boundary can lead to error. In gee:era! the cy!iuder of

intersecting planes should be used only _,_'_,_.....n areas in opposed sectio:<_,sare

required.

In th__s problem -relativeTy__ small values of GS were u_d to save comp_,_-

ter time without a serious loss of accuracy. Since computer time varies di-

rectly as the product of

.iJ

surface increases the computing _'__i_ by a factor of _, while doubling GS on

both surfaces inc,'eases the co.,_n'ut_ns_,= time By a factor of 16. Increasing GS

to 20 for the sides of the cube would increase the computer time by a factor

of (20/15) _" : (4/3) L- : 3.16. A partitioniug sc_em__= wr_zch'" concentrates the

grid. points along the common boundary would be more economical than s.u in-

crease of GS on the unpartitioned surface. For example each plsp_e could be

split into a half and two qua_ _ers with the quarters aloz_g the co:m?.on boundary.

_,7_+_GS : IO on each of the s fi_,.q_.f_ces, t-h._ _ ..........y will _ " _ _-_-_-_ "

with GS = 20 on the unpartitioned surfaces. Nithout utilizing the sGGm::etry of

the problem_ this will reduce the computer time factor from 3.16 to

9(10/15) 4 : 16/9 : 1.78 Utilizing sj,:metr-_ gives 4 z (10/15) _........ 0 : -79 or a

21_ saving in com_uter, t_mei=. Alternately the GS on these surfaces could be

increased for further accuracy for the same computer t{me_, as the s_ng_e{

surfaces with CS = 15. The shape factor from frout to side would be reduced

from .2090 to .2068, or a reduction from 4.5:'_ error to 3.4_ error. The im-

provemez_t in the factors to the top and back will be less {s_ne._ the error

for _ " "_o = 15 is lower. In comp,_,_0zon._" _ _,_v_v_,_ the oartzt__one_ snhere_ the

cha_n_ge would be less than .1_ at a cost of a 78_ increase in co_outer time,

assrzming GS : 15 for each section of the scheme
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_i'Is:,_DIX A

DERIVATION OF SURFACE I]_I_ST EQUATIO_i-S

This apper}dix describes the translatio:] of the pro-gra:] _94}ut data into

coefficients of the equations for the g Den o__r__,ces. Ekluations are derived

for each surface type 91 the order listed iu SectSon III. As a preliminary_

two subroutil]es are co_]sidered. The first is concer_qed with t)'_.eso!utfor: of

simu!taneoo.s ho:'_]a&ier__eousli..'mar equr:tio::s_ while the other pz'c;vides equations

for the tz'a>_sfor.t_-_ic:_of' coo;dinatc syote._:s.

In the routines for computi_zg surface equations_ the coefficients

frequently occur as the solution of "',"]__ _ -sl._u__=ctuo homogeneous li:'_,earequations

Assume a system of n equati(ms in tlt@ variabl->s V. j = !j ...; (n + i)
a

represe_Yed by:

a_1 V1 + a_ V2+ ...........................+ai(n + i) V(n + l) = 0

a21 V_ + a22 V2 + ........................... +_2(_, + __) V(_ + _) : 0
0 o

• •

• O

anl V1 + an2 V2 + " .......................... *an(n + 1) V(n + 1) = 0

Let [aij ] rel__....nt the i-affix of coefficients of this system. Since

there are _ eq,_,..__..... Lu n -:-i va:'iables_ the >;a_..,_±>_ is recta-:_:_ular of" size

n by (n + 1). Thus_ the rer:_oval of one colurm reduces this matrix to a square

matrix. Let [aij]k represe:}t the square matrix obtained by deleting the k-th

.co]_u:<,m of the matrix [aij ] , and let det [aij ] k rel,re_;e_t the dote_'minar, t of

LOCKHEED
A-!
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ij " '_ _ equations used by[a ] k In this notation, the solution of the :'j'ot_m of

this program is given b[_;the equation:

vk: (-l)(k+ l) (dettaijIk) >, : 1, ... + 1).

The principal value of this solution is that it reduces t<, the trivial

solution VK = 0 for all k = i; ..., (n + i) whenever the input data are in-

capable of defining a single surface. For example, if four cop]anar points

are chosen to define a sphere and the four points are on the cl_cd':-,_ertn<:e of

a circle, there are am infinite nu_:ber of spheres through the points. If the

points are Rot os, a circle, flare is no sphere containing the fc)ur ooints. Or

consider three co!inear points. The seno:cal so_Ikrt'Lo:-_%o the ............ l ....-_

to this >r'5_b]_> h;-_s t._ in<'!ude the _e_>-+-i_,,-,_ s e "_]I 4> ...... _ ...... pass_in_< ...........

these points. In either of these cases_ the progra..m gives the trivial

solution V k = 0 for all k : I, ..., (n + 1). This has a double effect om the

program operstiok_. First_ it cancels all computations rcquirhl S this surface_

thereby saving co.<:putinS time. And second.!y_ it provides a fla S to she,..._ that

the surface is inadequately defi_-led by the input.

As an example of the difference in the equation of a surface vs. <.m_

equation of a faxily_, of su_c_:_, consider the plane throuch_ the points

(2, l, 0), (2, _]., 3), ar__d (2, 1, 17). The equation of th<e plane in .......-- -- 11. bt:_' R °- . b

form is :

+ y/2 + : i

However, from this it can be seen that for any non-zero vgS.ue C of the

coefficient of z, the plane will also be defi_e_ by the equation

4Cx + 2Cy + Cz - bC = 0.

Note, that in effect_ ti_e other <hree coefficients are written as

linear functions of the single coefficiemt C. This is characteristic of th::

equation of a surface_ that the coefficiemts may be ex,oressed as _]io_ear f_n.R:

tions of any of the non-zero coefficients with any no>-zero value of this

LOCKHEED A-2
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independent coefficient giving a set of coefficients for the same surface.

(_ the other hand_ the equation of the family of surfaces is:

 +By- = o

In this equation there are two it,dependent eoerfleients_ hence no two

can be _mitten in terms of the third. This is also characteristic of families

of surfaces. Thus; it can be seen that if the general solution VI, ...,

Vn + i of the n simultaneous horaggeneous equations is to define a surface

rather than a family of surfaces; it must be possible to _rrite each of the

variables Vk as a ] iuear function of any no_u-ze-Po variable V h.

A variable is cs]Sed a non-zero ....L_u-]__if there exists a ,_oluL,±on Jn

which it is non-zero. Assume that Vh is a non-zero variable and ,,__ite the

system of equations in the form:

all V! + ... + al(h_l) Vh- 1 + 81(h+l) Vbki + ... al(n.i) Vn+l = -alh V h

• •
- Q 0

• •

anl V1 + ... + an(h_l) Vh-i + an(h+l) Vh+l + ... an(n+!) Vn+l : -anh V h

From the precedLu 8 discussion_ it can be seen that if the variables

... coe_mc,_ents of the' f theseVI_ _ Vn+ I are to be the ....... equ_ution o, a _ "_'".....

equations consiO_ere_ as n non-homogeneous equations in the n variab£es VI_ ..._

Vh_!_ Vh+l_ ..._ Vn+ 1 must have a _uique solution in terms of V h. But this

means that det [ aij ] h is not zero and Cra_r;:er's rule can be applied. However_

this rule is modified here so that the determinant in the numerator fox" the

unknow_l Vk is d'et [aij ] k. This is accomplish_eel by factoring -Vh from b and

rearrangLug the collmms of_ the st_.uda-c& numerator determinant. As a result;

the variable V k if k _ h is given by:

Vk = (-1) (k-h) Vh (det [aij]k ) / (det [aij ] h)

LOCKHEED A-3
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f

V h is now given the value ""('_[-1)"l_+]-j /[det [aij ]h)_" the equation for
If

V k reduces to:

Note that the expression for V k is independent of h arid that if k = h

the equation gives V h its o_,,_iassig_ied value. Hence_ ell the assumption that

there exists a k = h so that det [aij] h _ O_ the equation for V k holds for

all k = i; ..._ n + i. Tracing this assumption back through the previous

reasoning shows that this asstm_ption 9_Iplies that the non-homogeneous equations

have a ttuique solution. Hencej t}_e variables can be written as unique linear

functions of a no_-zero va:i_oJ_ Vh; which img_ies that the var.iab!es

VI5 ..._ Vn+ ! are the coefficie_ts of an equation of a surface. On the othe!'

hand_ if det [ a_ ._ ] t_ = 0 for all k : I _ • _l _ +_ non-homo<eneous equ_tioms

have no solution. Hence_ the va-riamles cannot be written as u:_ique linear

functions of a non-zero variable and Vl_ ..._ Vn+ 1 are the coefficients of a

family of surfaces. This dei<onstrabe:J thai the expression for V k gives the

desired solutio:z.

In several of the formats_ the equations are first con_puted _l terms of

a translated and rotated coordinate sustem x"_ " z".y ; In each such in_ut

format; the pc)int which is to %e the origin Jn this transfor1_!ed syste:r_ is

called Po :,.dth coo:<'dJ_i, es (_:o_ Yo_ zc)). _""-'-=_" l'i ..... _"H.,_,<v_,_ s:i.u,_c the cases ....m_:c_, this

routJme is entered at diffe±'_:n% steo_; in the various eases. To _-_;<_l_ia_-<,_.... the

indexing throughout_ the direction eos-T_es of the x" as<is are called k; 9-; w_

of the y" axis KI_ Pl; v!_ and of the z" axis k2_ _2_ v2. Us__g this note-tiers;

a transformatioti rou%it_e is developed to reduce the equation A"x ''2 + }3"y ''2 m

B"z"2 + 2G"x" + J" = 0 to all equation Jm x; y anl z. _l'he equatio_ts of rotation

relating x"_ y"; z" to axes x' y' '_ z through Po but parallel to x_ y_ z are"

x" : kx' + _y' + Wz'

Y" = klX' + blY' + vlz'

-z" : k2x' + b2Y' + w2z'

LO C K I-! E E [_ i-4
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Sb_ootzout±oLl gives:

•A" (Xx' +py' +vz')2+B"i(XlX' + ply' + VlZ') 2 + (X2x' + _2 y' + v2z' ) 2]

+ 2G" (kx' + _.y'+ vz') + J" = 0

Squaring and grouping in powers of the variables gives:

+ A"v 2 + B" v I - w2 z + 2 ,_.k u+ (k! i'.].+ X 2 P2) I x' y'

[ v2)l "+ 2 A"kv+ B" (k I vI +k 2 x' z' +

I 1 ' 2G"+ 2 A"bv+ B" (izI vI + P2 v2) y' z' + 2G" kx + .' bY'

+ 2G"vz' + J" = 0

Sub_tituting for ki: p.l: v I and k2:_2 : v 2 g_ves:

o 2 o 2
[B" + (_" - S")X_]x ' + [_V' + (A" - _")_'."-]Y'

+ 2(A" - _")x_,:_:'.v'+ 2(;: - _,;")x_:.::: + 2(A" - __),.,,. _;

÷ 2 ''''_'_ ' HG_ "VZ' J"__. + 2G'_j + + _= 0

_qlich i.< an equat_o_ of" the fo:,'cq

x,2 2 'x'y' 2E'x' ' y' ' ' y'A' + B'y '2 + C'z' + 2D + z. _ 2F' x + 2G'x + 2H'

+ 2i'z' + J' = 0

Translation to th@ x: y: z axes is acco__@Dished by means of the

equat.ions :

X' = X - X
0

Y' = Y - Yo

Z' _ Z - Z
0
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Substituting for x'] y' and z' gives:

a' (x- _o12+ B' (y- %)2 + c' (_ - %)2 + ,oo, x- %) (y- %)

+ 2_, (_-_) (_- _)+ 2F' ty-%) (_- %)o o

+ 2_, (_-%)+ z!' (y- %)+ 2z' (_- %)+ J, =0

Clearing parentheses and collecting in powers of the variables gives:

A'x 2 + B'y 2 + C'z 2 + 2D'xy + 2E'xz +' 2F'yz + 2F'yz

r

+ I,,Xo+D, o+)}x+21 ,o o + B'Yo + F'z )I_"o

+ 2 I' - E'x + + C'z z + J' + A'x 2 + 2 + C'z
o o o o

I D'XoY ° -(G'x
z + F'

+ 2 + E'Xo o YoZo o + H'Yo + l'Zo)ll = 0

Assemblin S this iui'or::mtion gives the folkowi_,_g eqdations for the

general, quadric in x_ y a,nd z. These eq.uat_io:ns co_!_prise the transformation

subroutine which is used entirely or in part to transform the equations into

the x; y: z coordinate syste:::. This rout'_ne transforms o_]y equations of the

form A"x ''2 + B"y ''2 + B"z "2 + 2G"x" + J" = 0 into the equivalent equation in

the x_ y: z system. However; parts of' this routine can be used for the trams-

formation of equations of slightly different form. Therefore_ three entry.

points for this routine are identified. No altermate exits have been provided

as there is no use for partially transformed equations since the program

requires that every equution be in the same x_ y_ z coordinate system.

LOCKHE[[.)
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Entry #i for the complete _ .............. _"" -o-' c_l%_-, Oi_li_,o!O!l rou%ine :
J

i
t

G' = G' k

}I' = G" V

I' = G" w

K' = A" - B"

Entry #2 if G' }I' !' and K' are knorp_ or must be comouted

independently:

2
A : B" + K' k D -- K'K11

2
B = B" + K' V E = K' kv

2
C = ]6" + k_' v }, -. v,

Emt-%r _ " k __,:o_L____n _ _. z'eotl!rect :

G : G' - (AXo + DYo + E::o)

]I = If' - (Dx 4 .... + Fz )
0 JObO 0

t = :Z' - (E:'_ + :P: + C:: )
0 "' C) 0

9 2 [ D_'_OJOJ = J'" _ A:c 2 + _Bjo__ + C;,; -_ 2 ...... I E:.: ;s + p,: :0 0 0 0 -_0 C

-(°'Xo+ o)1

Considering the su!'fa.ce < cluution corr!out:,.ti.ons_ -_:_..__.the ez_der _,z_".....,_l in

the form?or tab!e_ the f'iru:; inptt._, form_tt requir:h__g ce_,:putatioz% is the plane

given t_}n"ee points. For e.. plap.c_: the quadrie equation @(x: y: z) : 0 reduces

to the linear equation

_., q 2Hy + 2Iz + J = 0
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Substituting the coordinates of each of the three input s_meface points

i _ n T9 o •gives the simu]tazleous homogeneous line_,r equ_i,_o ....

2XlG + 2YlH + 2z_l + J = 0

2x2G + 2Y2H + 2z2i + J = 0

2x3G + 2Y3H + 2z3i + J = 0

These equations can be solved by the general solution already

developed. However_ since the coef'ficie_ut of J in the first equation is -i-_

hence never zero_ this solution can be short_med by solving for G_ H and I

by the general solution s_id then obtaining J from the equation:

i

_-°I _ J = -2 .[GxI + H_,_ + Iz I).J1

If the center P =o (%, %, Zo) _nd t.he radius (R) a_e _o,+_, the

equation of the sphere is

y2 ( 2 o2 )2 z2 2 + Yo + z - R 2 0x + + _ - 2x x- - 2YoY - 2z z + x°O O

}Ie n C e

A = B : C = i: D : E --F = O_ G = - Xo_ H = - Yo' I = - z°

2 2 2 R2and J = x + + z -
0 YO 0

are the coefficients.

If four points Pi : (xi< Yi _ zi) i : i_ ..._ 4 on a sphere are giw_n_

substitution into the standard equation of the sphere gives the four linear

simultaneous equations :

2/

2x.G + 2v.H + 2z.l _ J = -I x_
i _i i l 2 2)+Yi +z. i
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( ) •
2 2 then '

IT u. = - xi 2 + Yi + z. Cra'_,__ers rule give:: the so?ut:i_on fori i
/

G_ }I and !:
!

G

H

I

2 det Ix i_ Yi _ zi _ _ ] i = .I_ ...> 4

=  j)/u

= (det [_i'h _ _i_ l] /_ i = l_ ...__

_,,__i_<eJ is given by:

J = u_i - 2 (Gx i +-;R_
\

+ iz _ .
/

A right circtd.._.r cylinder with <-,:,:isalong the x" axis h<:.sa:% equation

of '-< - R 2 :: 0. "__- ......... _'_ " Po F-_)o__.e _o;_-r, ,/2 .- z-2 J.:.u_'u=oxu_ _..... _ " 5- v_z two ax:_ s _,o! _!-_,s ( > _

arc].-the ra,£1J-d_s (R) of %he c/t4,-,,2r_r, the _-': =_ _C[_iZ'©C_._uOI_ "!iusberq O2_-_,r_ av-; q _,,ri/.] bc:

i : X1 - X0

m = Yt - Yo

Z! :: Zi - Z0

TheR the "'_ _-" "on_'ecozon co.<i_:es of the axis may be obtairLed from the

equat io__s :

(z 2d: 2+m

k : l./d

: m/d

w : n/d

LOCKHEED
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I{' anR I' will _l,.Since O" : O_ the coc_ffieient's O'_ _ .....,o be zero.

Thus_ eomputins time car! be s_J,ve_i by settling G' :: H' = !' = 0_ B" : i_

K' -= -i_ J" -R 2 and using the second entry to the transfolm_to_l_on routine.

In the case of the right ci_<o,l_<r ey]i_qer given the dJ_rect, io_n
..... [

(% ....numbers (i: m: n) of art element plus three points ' PI' P2 ) the fT_r_o

step is %o estoA_!ish a coordinate s_stem.

The point Po is taken as the origi_ with (i: m: n) as direction

nm_bers of the positive x" axis. Now at least .one of the nmnbers ]_ m_ and

n must be non-zero. Therefore_ starting with n c&ch wiiki be tc_oed.

not zero_ the direct-ion nv_bers of' the y" axis are coraputed by:

Ifn Js

/

Jl : (h -_o)

% : (Yl - %)

If n = 0 but m / 0 then the direction nvc:,?_ers are given by:

__ : (xl -Xo)

m.,± : -lll/m

n, : (z i - z )
J- O

Final]_y_ if n = m = O, set II : 0 and m A = (Yl - _oy )

nI : (z__- zo)

bn_ and a.,':es can beIn any case_ the direction _itc_ibe__'sof " _ x" y"

ttu'ned iN_to their respective directior_ cosines as in the preceding case.

direction cosines of the z" axis are eomouted by the equations:

The

LOCKHEED
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k 2 : Bv I -v_ I

V 2 = wk I - k_,I

W2 : k_l - _kl

Now the y" and z" coordinates of the points PI aud P2 can be co_uted

by the equations:

II

Yi = ×l (= - + - )m Xo) bl (Yi Yo +v I (zi - z ) i = l, 2o

l 2 l Xo) _2 . o + w 2 (zi - z ) i = i_ 20

_-_t_ +_,_+ the ÷....... _o ....... a ...... _" ........ of Po ( _ -" ...........

a cylinder with elements parallel to the x" axis the x" coo_dis_ates are

u___uecessary. Since the cylinder passes through Po' the term J" is zero and

the eql.abmon is:

y,,2 + z''2 + 2H"y + 21"z = 0

Subst'ituting the coordinates of P] and P2 gives:

" 2z'.' (_,,,2 z,,2)_Yi }{'' + :L = - '_' + ':'__ J = i_ 2

'me __±c_mons u_ u I and u2 :/ill i_e defined by:

u = 2 y z2 - Zl _2

I ,,2 z,.,2)u.l = - _Yi + :L = i_ 2

LOCKHEED
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Then Cr_mer's rule gives H" and I" by the eo_a%ions:

H" = (ulz 2 - zAu2)/r_

I" = (Ylu2 - ulY2)/u

Since }I" and i" are given rather than G"_ the inte2:mediate roca, t_,.

coefficients G'_ H' and I' must be computed before entering the tzansformatiom

routine. Since the rotation equations are homogeneous_ the degree of a term

is _nehanged by rotation. Hence_ only H" ¥" + I" z" must be considered.

Substituting t!oe rotated v_,,riables for y" amd z" gives:

l y ! .L I T !
H" },> x + Dq'/' + VlZ' + I" k2._ , _2y + v2z = + x

- ,, , - T, I" _ '
+ _fP"_b_i + I g2)y + (H v 1 + v2J z

Thus the coefficient _'_ G'_ H' a>d __T' are given by:

G' = H"A 7 + 1%

H' = H"> I + I">2

I' = II"v! + !"w 2

The coefficSer__ts a::_cthen obta:!_:-:m.dby setti>S B" = l_ K' = -l_

J" = 0 and usiz_.g Entry "2 of bhe tra_u:_o±m:_t_Lc:__routine.

_'± =" ,_ _ theThe cor:L_0_v,_._>on eor arbitrary conic cylinder p_ralle.L those just

._ _ • C__!_!p_ _ e. ......given _or the z'__ght circular ' " _ "" _s-_,_g the direction nr_r_bers of an

" ,,-_--_ a.n,-1 three su_rface poqrts. The d:i-g'g'er'OUC_'S _.2:q "_' frOr: the %:-o c:,:',,:_'aeN_e_:<.:1_., .......

su_rface poirts a-.::d tl:e eq:v,.tion in the, x"_ y"_ z" system which is:

V,,2 9 2]_,, y, ,, OT,z,,B' + C'z ''_- + _ z + 2K"y" + ___ = 0

Tile co2::outatko:,'_,"of _he. direet-'ou.... co:_ines of the axis _y_,--,....eel,:and _h_

g"i z". eoordip_a%es of the surfs,ee poin%s is aeeorplishecl using the equations

developed for the "'" .....................± 2.%5z±0Ca..! Ub_.lc,± @_].A!l£1ei'. Howeve:::' _ for tile S_:<'l'&ee points

the index i will have .a r_n_e from one to four rather %h&n one and %we. Svfo-

stituting these points irate o_.e equation of the arbitrary conic cylinder

gives four ho:_-oge_:eou_ si:muq_taneous equ_tions w,___c.c: cau be solved by the

gendral method :

Y"I2 B" + z"i2 C" + 2y".z z"i F" + 2 Y"i H" + 2z"i I" = 0

LOCKI-IEEO A-12
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Since the equation of the arbitrary conic cylinder does not fit the

format of the transformation routi_ue_ the zo_<_ozo__ must be performed

indepen@_ently. Using the ....n< equations oJ_ rotation_ tb _ equation is:

B"(XIX' +pl y' + _iz') 2 + C" (k 2×' + b 2y ' + _'2z ')

( ) ( )' y' + lJ2z' = 0+ 2H" k ix' "__ly + _i z' + 2i" X2 x' +_2

Removing parentheses and collecting terms in powers of the wLriables

give s the ...... :equ_a 010£i

B" kl 2 + C" k
2 + F + {B" +C + ) '2 "" " '_ ,2 2 ,, 2 ___,, 2

2 Lia_'_ \ b i _2 2_ _i_2 / y +

• + 2F VI z + 2 B"AIb I + C A2_ 2 + F"(XI_ 2 + _IA2

)I ( ) )2 N" + t"A 2 x' + 2{}t"b + I"_2 y' +F"(VI_ 2 + /*IV2 y'z' + " kl \ i

I" \2 II':;Jl+ ;J2) z' : 0

Note that the coefficients G' H' and !' of x' y' and z' are those

that were derived before. Thus the rotated equations are:

2 + C,,K22 + _,,A = B"k I 2_ klk 2

2 2

B = B"VI + C" _2 + 2F"vI_2

c --B"E2 + c" v22 + 2 ,,,vlv2

D = B"- ki_l + C"k2 _2 + F" (kip 2 + _1 k2)

E = B"kiv i + C"k2_ 2 + F" (kI _2 + Vl k2)

LOCI(HEED A-13
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G' = H"k:L + !"A2

H _ = H"y.I + I" _2

I' = II"_i + l" _2

_/!.

The transformation routine from entry f/:3gives G; t!_ ! a_d J.

If the a._:i_<of a Conic of revolution is taken as the x" axis_ the

equation of the conic of revolu:tion is:

A"x ''2 + B"y ''2 + B"z ''2 + 2G'x" + J" =--0

Using__.ti_e c,_i_-_i_aT_.__.___ __ coordinates (.x"_ p"_ fi") where P" is distai_ce__

from the x" axis and _" is the angle arotmd the x" a:.:is_ this equation becomes:

A"x ''2 + B" P2 + 2G"x" + J" = 0

Note that since the surface is a body of revolution arom_d the x"

axis_ this equation is independent of the angle 0. .The direction n_foers of

the _:" axis are:

! = x4 - x°

m = Y4 - Yo

n" = z4 -- z°

These are reduced to direction cosines by the method developed fox' the

right circular cylinder. Hence the x" coordinates of the points

Pi = (xi_ Yi _ zi) i = i, 2_ 3 are given by-:

x". =.k(x. - Xo l o• ) + _(Yi- %) + _(z" - z )

LOCKI-|EED A-14
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If d. is defined as the distance fro..'nP to P. and _. is defined as
l 0 1 1

Tr 1

the ang]_e Pii_0Pb: the value of Pi i = i: 2:3 is given oy:

p,,2 d.2 sin 2 _. d.2 d.2 2= = cos _. i = i: 2:3

' S<_L.... R o i°The scalors li_ m. and n. of _he -_'_-_--"i I o

given by:

P. i : i: 2:3 are
i

li=x. -xi o
i =i: 2:3

m.i = Yi - Yo i : i: 2: 3

rl. : Z. - Z
i I 0

i = i, 2: 3

Hence d. and cos _. are given by:
i !

d. 2 = 1.2 + m. 2 + n. 2
i I I i

cos (xi = (Al i +bin i + _ni)/d i i : i: 2: 3

,2
Hence p.

1
is given by:

A2 2 2- (x% +_:% *z,__.)2: (?._)._.2 + (:___.)m.
1 i i

+ (i -v 2) r,._
l

• n. °+ 2[_h @_-i+ _-_i) +J__'_'--,_]

Substituting these coordinates into the equation of the conic in the

cylindrical coordinates gives:

9
TI2

"_ A" B" " G" J';x. + P. + 2x. + = 0 i = i: 2:3
i l i
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These si_iL__!_0arleo_Isho_nogeneous ._rJ_-- ] = _ A"_ B"eq,.,_au_,on_scan be £,o_v_o. for and

method ......G" by the general _ - and for O-" by the sno!-_euL:

J" (," xl"2 + ''2 + TI)= _ X 1

_-'_ -_le complete transformation rouo_ne will then be used to give -the coefficients.

in %he x, y, z system.

If nine surface points (PI: ... : }_9) are given_ their coordi_lates may

be substituted into the general_ quadratic equation giving nine linear

homogeneous equatioas:

j;

2 2

x. A +Yii

2

B + z.z C + 2:<_i,iv D + 2xiz__ _ E + 2y.,.iz._F + 2x.7_O + 2y i __

+2z.l +J=0
i

These ca:,.be so]L-ed for- A_ ..._ ! by the general method; then -J is

given by:

Since all bo<a_d__ries are defJxzed by the intersection of the wozq<ing

s0.z=aee equabion computations aresurface with qua,i_'ic bo_mzdary sm'faces_ the ......

used wherever possible. In fact; all but one of the boundary surface types

are handled in this mamuer. T}_e one exception, is the straight line bom_u_.'y

0n a plane. In th_s case> the boundary surface is defined to be the plane

tb_rough the given bou!idary line perpendicular to the given platte. Therefore_

if 2GlX + 2H±y + 211z + J1 = O is the equation of the working surface SI_

and if 1_ and I_I are points on the boundary> direction m_Tfoers of the normalo

to SI are GI_ }II and II while direction n_bers for the bo_u_dary line are:
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2 = X]. - X 0

m = Yl - Yo

i9 : Z[_ Z 0

coe±2.LcJ_eno_. _ % of the bouadary surface r_uoo sstis:fyHencc_ the ........... _' 0%_ }_b aPd _. _ <'_

the equa%ions :

_% + %, % :o

%% + _p%. iI% :0

n_cohod and Jb can then _eThese can be solved %y the standard n-' -

obtained from

Jb : - 2(GbXo + HbYo + Ibzo )"
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APPE!]DD[ .B

DERIVATION OF 9]E RASI[C PROG_%I E:%UA__'IO_S

For quadric o -_ Aft A2 ._s_riaces and _ this pro_am gives a solution for tile

shape factor equation:

F], 2 - _rA I . 2 dA2 dAl
s

where O_l is the larger of +_-,_.._9'o. _..............+-_+< ......s_ .... Ay1 or .........,_.__._..,_',,7Q2 is +_,_.,._

larger of cos ¢2 or zero.

Let 0z (_, y, _) = o be the equation o_ Az a,_d02(_, _-, _) = 0 be the

equation of A2 where 0(x_ y_ z) represents the q.m<bic fo-n:t:

O(x_ y, z) Ax_2 + _.2 . Cz 2 + 2D:<y + _:,..:z + .<) ......= _"_-- 2_'-,-, -r 2C_,: _ 2%, + 2Iz + J

For convenience it is assumed that x is the dependent variable on AI, while

z is dependent on A2. Any other choice of dependent v_.-riables can be hand_led

by the pro_Trar,_. }b_.,_ever_ __.n_i,_.....t.'._derivations _re exc:ct)_y pare]le!, only

the equati<ms for the case of x 7....-,s -_, Aj and ..... _ .... A2Q_idelq_ on Z aep_=_cte:LL, on are

given. The machine sets up a square grid patten_ i:_ the plane of the

1 depenaerr¢ coordinates; in the case of surface A 1 that would be the yz

plane. This grid pattern gives the independent coordinates and. the index

of each grid point. Let P'(x_Yi_Zi)l be. a [frid -point on A I with independe1_t

coordinates, then 01(x_- Yi' zi)_ :: 0 can be solved for x.

AlX2 + 2(DIY i + ElZ i ÷ GI) x _ [Jl + BlYi2

+ 2 (FiYiZi _ IIiYi + i,z i)] = 0

Each real solution of" this equation gives the x coordinate of a grid point

with independent coordinates Yi and z..j_ 2Nus_ the si_zgle pair (yi_ zi) of
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independent coordinates could give one; two; or no grid -" -_c.polnb_ How ev@i% to

TT " "

avoid vert_-al grid poi>.ts if k / 0, the machine rejects the .,oluo>o,_ when

tile qua_:r'atic has only o'_.:Le root.

Of eourse_ if A = 0, the equation is linear and there is only one

grid point for each pair of indelendent coordSnates. Each grid point 5.s then

checked against the boundaries of the surface k. with the computed grid
l

points falling outside the c "_" _ ->spe sized bounda>ies being dkropped and t,_,e

remainder stored.

Let Olx._ Oly" and Olz" represent the three partia} derivations of
i i I

01 (x_ y_ z) evaluated at the point P.. These are given by:• l

01x = 2 (AlX i _ DlY i + ElZ i _ GI)
Y

01y _ = 2 (DIX i + _3y5, + Fqz i q Hi)

01z " = 2 (EIX i + FlY i + Clz i + Ii)
i

Using this notation_ the differential surface area dk_5 of surface A_ at

(xi_Y_j _° _" " _ ....... projectionpoint P. zi) __ _mveq _n t_ ......of its aAi i .

of the independent ve,rS.sb!es (y and z) by the equation:

2 p 0 2 02+ +

dAz5 i (p)  -Yi
= d_,li =

0 2
_x i ] O_×i I

Note t_at this equation is _u_defined if 0ix" :: O; but this occuz's only if the
I

tangent plane at P. is >erpendicu?.ar to the yz-p_ane_ hence on__y if P. is s
I l

vertical point. Therefore_.as was stated previous_y_ if any vertical point

is chosen as a grid point it must be replaced by fou_r surrounding points.

Not% that on_qy the denominator of this e:qoz'ession is dependent on the i_c-nt_y

of the dependen_ coordinate. Hence_ the function Tli is defined by:

Tli = + + iz
• .
I l
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_q_us_ s±, any poin-b, Pk_ on any qus&r_c surface, At, dei.Lned by @t (x,y, z) -- O,

if V represen%s. ±he. dependent coorcli!?@-bef _°n At_ the z'e:kdxto_!s!__ip bel,ween dark
and t_e ..... S _^N0)

._ p_'ojec_.e_ differeritia! ares d,_t]: is given by:

Su%stituting.. these values i_rbo the shspe factoz ....equa_moJr gives:

is:_:_mins that all d_e grid pc)inis of AI a!:a $_2 _ca,e bean computed az_,._ storedj

bnu prosra:_ ',,--_-_ .... "co:.4_L......an apl_z'u__:rs:at,e value fo2: this int.egral us_.ng point by

v__,.._ ,-._:___,..__k .:-,ougrau].()::,. For e_:_.ch pe:i_r me' gz'ic], po'.2ks P. o_: A I ancl P1 j

on A2_ the program computes the integral Vij of this equa.-k,ion:

qlij Tl j © q'

. 2

_zj

1'bw %:., definition s.. is the dista_uce from P. to P..
mO i O

2 "_

@j yi)

_%ere:7ore :

t[_e z....k._t,c'-ion,_ QI-_,j..... _..as defined as the ! ar._:e:--_, of the "L,.:o v___lues cos #PZij or

O_ where _lij is defined as the ar:gle t,ub:c:en the normal i.o A1 a-t. poi_:t P.1

-} _" A I at
and t._,_line ......, _-_ P.P A set of .....e G le.iu . • alz'ec _.lon num%ez's for the su:cface

_- J

P'i will be !li = Olx.; nli = OlYi; nl__ = 01_.,._while a sot of direc-bion
I - i

nu_'ibers for P.P. will be
i j

lij = x.j - x._.; mij = Yj - Yi ; n j.. = z.j - z.i
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LR 169O5

}fence the cos @lij will be
J

o_. (x - _ )+ (fj I_ - _i )j i 01yi - Yi ) + Olz. j

_lij l m
COS =

ly i 0 iz. x.1 + -
yi)2 2+ (_j - _i)

Simi]_arly cos _2ji is given by:

_______°2=(_i - _j) -_' °2<__ (Yi - Yj) + °2_j (=,j_ - zj )
cos

_2ji

_2 + o_% 2 0,% )2 (%+ _2z. - x. + -
.xj J :L

j.-J

Since the denominator of the _--_-_ _-_," ; 6_.. is " s
_ _ _,_eoozon for cos '._O Tli ij _

m= ....

of W!i j sij Ti.i; cos %lij __ :

the value"

Wlij = O_<.m (x.j - xi ) + Oly i (Yj - Yi ) + O!z. (z.o - zi)
i

Now by definition; if P'z and P.j are disSinc% points_ Tli and sij. are

positive, _.m_me±f P..=a_d P.jare t_e s_me point (x._- xi) : (Yj - Yi ) =

z. - z ) = O. Hence cos #lij will be /]rester than zero if% and only if W ..J i - - !__j

is _,reaier t_,an zero. q-'ZIUSj qlij _s .... -__. _ _ greabe_ than zero if and only, if WIj j

is positive. Since the :!tune::'abo::'of V.. is a product of factors; V.. }:ill be
]O iO

zero whenever.' any one of the factors is zero. _ras_ if Wii j is less than or

V will: be se_ eoual to zero ,_zt_ou_ :fur%her computauion. Ifequal to zero, .. _ _
zO

Wli j is positive, the coz'res]:ondin S f'acbor W2j i = sijT2j Cos _2ji is computed

by the formula:

W2ji = @2__:. (xi - xy) + @2v (Yi -
0 _j

:%) -_o_. (_i - %)"
J

£gain; if this factor W2j i is less than or equal_ to zero the function
2

V.. zs set equal to zero; if not s.. is computed by the formula given
iJ zJ

]previously and V.. is computed by:
mJ
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_-J (W_} ij W2j z.
J

4
S . .)

IJ

Or in ex;oanded fo:cm it is:

V° •

mj

I (=. - -, e;:_ (,- - :i)-' (_ _ )IOlx i j X:L) Sj Olz. 8 i
11.

I%1 I°2 jI •

[°2_. (=i - xj) -_e,. - :.) -, (_. -_-Y.i (Yi _, 02 :r.. z

[ f (% * *-• (xj - x• -, - _2) _ (_. - ,..1 0 :L

2I_e sLAm of tl-'ese in-t.e.fsra__ds V.. _{'-)-'<z a21 .p=._: ...._, of' ,'jpid _T_oints P. on
1O 1

desired azproximation to the value of the integral. S_mi!ar3{._ if the va!ucs

of dA]. k......are su_,'s_med oveze a_7 .,_s-r.id poin±.s Pt or A_1 _ t._-_- a-pprcx:>_et_" "v-aTue_. of

A t ..... * F]., .....the area of . xs oL'La2nsu. Thou 2 ca_,.,, be 6]-bai:,,2ed by,, m/-,Tid:i:_S Qze ........, __,u,=

o_F i,he """-_ .... 7 <-_ ...... %he e.r:'ca of A.m,_c, uS_,c;._,_ %.._.:1; ,._........
i

In the computer pro_ram_ the s_az;::uabioL proceeds %/ takib's oz,e point

P. on A 1 arkS. ...._...... ,_ I...... ..... O; over sIS poi-':tc P. on A 2. l{lOT.e tka± :', -_,z"actice; s__nceO

%?LC _. _8,?tCc.,S. rTJ_]i and __Sj bo-Lh a_,:mear...... i_.u _.'_2_:_er-'io -_ a:x]. _er:.::.i.'_:ai:o,_,, _,.-,--_,. a:,.'e.

car_c:oi]e6 eli.t] c-t::_ n:/4 appo-.m<:'.' in t]_e cc.:r_,otrb_rL,_ozts. H£'-rK:o U.'ti is cO:rtpR-bec] Op_]2, _

fo? t.k-_e c$:r-._.,tLazicn, of ±.]-e ar-_a _i._ ,or %]-_.2 di2'.£o_::e---8 ",.-__:__,__....": _,'"',,-'" i%cU._v • £ro/,z F
_L ]

ff/.o A_,.d _'!:e fac-L, or TRj is Nover co;.:r_u--.ec] ....4-n _}-,-_,;_ _]'1_] _3c_ fS.i_:pr _ ( (1' ]il]]_'b_%-__;.-,;R._ ._ _. .

' u -hO;,,'O vO-P_, s!TK'o a] _L c,z!e zr_a-beLr.'] 8_{ is a\reti] a-L:_-'Q, tho _b"-"O_L:':'_:;: ..3.-• -,,7: (tO_,:r.%t-t.© C'!e

T2j s and t}_m area i 2 or., re_ues.-_ I£ %ho ,.;rtel. q_-,o is ..... ' ..... -_.............. ti _] C _. I.] C. b U .i t" 0 C £;r: tT)'d'[, O

the d___,zezen_al shaT_e. _acc, o:: from poin". P.z on surface A_.i to surface A2_ the

general shape factor equations are t_sed. The pr:lneip-2! diffek.'etTce ir. -'-;,_' co_:',.-

• 7 _" "puta-b_ion procedure ms in the grid point r,suo_ne where H:ere is only the doper, d-

ent variable of the one grid point Pa to compute. The single grid point P. on
- I

"_l of coRrso rcdu.cos %?_-c s}_apo _'" .... '- ' -" ..........................- _ObO0./ ,[_L_;_C__LcA A tc} _± -LILO_JL LcLA_ C)-V'@2 _ ft,_ O.-1]_._,_

but this requires no additio___a2 cc,:,nl/otatio;,: sir:co _.:ith only o;ce crid poipt

on A I there is ]_o susmdns to be done.
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If there Is a1_.in_erfere_R.._. _,_ to made, it vould _recede the

computation of the factor Wli j. _e test is accomplis!?e& by solving for t._.e

intersections of the line -b_'o.3_ghP. a_,_dP: -_.Titi_%.he given surface which is
m O

designated as A._ with quad_ric equation 03(x_y_z) = O, The_uj if there is an
J

intersection _oint which is both wi£.hin _-_ A 3
_ o_e bounc_s_rie_ of an8 between P.

and Pj_ the integrand Vij is set equal to zero and the program advances to

the nexb_ pair of grid __oints- If' no such intersection point e;,-4_'_,_the

nex b oriN berl e! QNCQprogram makes the -_- required ........ test if alZ these tests are

4 .. The
finished it proceeds to the compu-ta-tion of Wli j and even-oua]_y Vi8

line containirs P. snd P. is defir.ed oy w,_ three parametric equations:
i 0

x = x.- (x - x.) t = x. + Lt
i j I I

Y= Yi- (Yj - Yi) t = I,:t

z = z. - (z. - z.) t = z. + Nt
1 O i i

Substjtutin S these values for x, y and z i__- @3 (xjy, z_L_o ) : 0 gives:

+ Ht )

+ 2E 3 (x i * Lt) (z.,i+ Nt) + --3P_ (Yi + Nt) (z.1 + Et) + 2 C 3 (x i + Lt)

O _ - O
==. 0

Clea:'iz_s I)8_.'e::Chescsand coAlecbi_.S terms{ in powers of % gives the

quadratic in t:

. + -" C3N- + 2 - " v-t- E3, ) + F31,2'I _c + 2 L(A3x i _ D3Y i +

E3z i + G3) + M(D3x i + B3Y i + F3z i + H 3) + E(E3x i + F3Y i + C3z i + 13)It +

(£3x _ 2 2 ...... , + 2G3x i + 2H3Y i ++ B3 Yi + C3zi _ 2D3xiYi -_ _z3zizi + _l'3Yizi

213z i -_ J3) = 0

- LOCI(HEED
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Or this can be re_<_i£ten as

+

(L°:_i + _;Yi 1,_o..) t + o3(=i,Yi, h) = o

This quaC_ratic can then be sol-v'edj and for each real solution t

such that O<t<l_ the coordir_ates x : x.m + Ltj y :--Yi + I_% and z = z.& + Nt

are computed. Since O< t < I insures that the point of intersection lies

be-tween P'm and P.;O it is only necessary to check _,,_iththe boun6ar.ies of A 3

to complete the interference test.
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APPEED-_LX C

I°ROCT_\I,iA_2{t_iliGZ,D_i,_TAI,_ _l-_'F'_''_JJ._O_ .J..l '_

The radiation configm_ration fat-tot program is coded in }_ORTFL_67 ]IV

and overiayed into two ]inks. Figure C-I shov:s the deck setup for use

with the I_M 7094 computer. The program deck ca].]ed "156[$" in Link 0 is

merely a control progm_am for the flow to Link ! or LirLk 2 @LtrJ.ng execution.

_ne subroutine program r]ecl:scon!aimed in Link ! are:

i. Subroutine COI,!PIL reads the input for the surface and

boundary conditions and com!)utes the coefficients for

the eaf_'_ation describing-bi,_ese surfaces and bovan_daries_

stores -the data on tape unit ii and prints this input

and the coefficients on the output tape.

,2. Subroutine bfl)EE:Rcoraputes the value ,of determinants and

these results are used in comTuting the coefficients for

the genera), equation of a s_rface.

The subroutine program decks contained in Limk 2 are:

!. Subroutine COI,_UT reads the indentification nIJmbers of

the ...._r±aces for which shape fac±ors are to be compmted

and prints the comi)_,uc_"results; also stores the needed

information for these cer.-eu_st_orn: on _,_ unit S.

2. $_broutine VPAI_T searches tape unit _ for the data of the

surfaces for _¢hich shaloe factors are to be con!puted and

brings this data into core ......s---

3- Subroutine 0_,_SS eoml;u%es differentia] areas and performs

a nu:.:erical integration %o find ....%;ze area of a given su_zace;_
• _. J-also checks the zn_4o flag to see if any identification

n_nbers of intez'i'erins surfaces are to be read• from the

input tape.

4. Subroutine GRID sets flags for la_e_ computalion of grid

point s and dependent variables.

5- Subroutine POII'IT calculates the independent variables for

the grid of the surfaces.
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b_ _8905

o Subroutine DEPVAR calculates the dependem% vatciab!es for

%he grid of the _ -_,P.... _ ....._u__a_e,>_ a_d chec_:s %o see J:[' all E;±'iO oo_qnos
lie wii;hin %heir _r _ _-'_a_uJe__lI_L_ bou_nCtaries.

7. Subrou.tine DIP.7,CT co,reputes the direction numbers for each

point of the surfaces.

8. Subroutine FTEST checks the direction nu_!bers fo> zero

values.

9- Dabroutine MTE,ST checks for shadimg of the surfaces if

ghere were any imterfering surfaces specified in the input.

Figure C-2 is a simplified flow diagramj showing the logica] srrange-

ment of the >-or_ar_ and its -t_,.o]_'n_rs _'ab]_ C-] _o a com_!ete lJs%ing of

t}] e _C,D v....

/
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7

i

LINK 1

.... f

INPbq DATA /

FOR A /
SURFACE I

AND I

PRINT /

____} ....

COM.? CITE SURFACE

CO_\_DITIO N5

CALLED FOrt

PklNT /

COMPUTED ]

sU_,F,',CE/

L/
HAS ALL SUR:ACE DATA

BEEN READ INTO CORE?

7
INPUT DATA 1

OR A BOUNDAF_

OF A SL_FACE /

AND /

PRINT /

!
COM?UTE 20UFiDA2,Y

CONDITIONS CALL[ D

FOR

HAVE ALL BOUNDARY" DATA

BEEN READ INTO COLE?

YES

WRITE NECESSARY

SURFACE AND BOUNDARY

DATA ON TAPE UNIT II

HAS SU2FACE

AI;D ._OU:R DA?,h'

DATA _EEt4 RE._kD

IN AND COMPILED?

.......... Z#_"
YES

LINK2

--Z]__
_- READ INPUT 7

\ FLAGAND /
\ 2 St_FACE /

[- B_,._;,:_o-cG,TgZ-,TT-7o_,
L SU_'FACES FROM TAPE UNIT II

COt,_? LIfE GRID

I_DIN TS AND

DLRECTIONA [.

lq U ,M,_ E!>,S

1
I %_ ITE SLEFACE I
lqFORMvkTlO;'q ON TAPE UNIT 8 I

I

NO

HAVE GRID POINTS
FOq ALL SU!FACES

BEEN COM_ U] ED ?

q YES

EAD INPUT FLAG/

AND SLEFACE /

NUL,L3ERS FC¢. /

WHICH A /

tl;,PE FACTOR/
IS TO BE /

COMPUTE

SHAPE FACTOR.,

AND THE AREA

AND _INT

RESULTS

I
ARE ALL SHAPE

FAC T OR.S COMPUTED?

Figure C-2. Simplified Flow Diagram
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TABLE 0-1

-7. _--, ,_,r T "I-_qq-I-TTF'

$IBFTC 1568 LIST,REF, DECK+X94 ,XR7
REWIND 11

REWIND 8

2 CALL_ COMPI L

CALL. CO_<PUT

REWIND 11

REWIND 8

GO TO 2

END

$OR I G IN nPTHA

$IBFTC COMPIL LIST ,REF,DECK,M94 ,XR7

SUBROUTINE CnVPlL

500 FORMAl

501 FOR:,'AT

504 FORMAT

510 FOR[AAT

512 FOR#4AT

IFD )

514 FORMAT

52O FORMAT

522 FORMAT

523 FORI';A T

524 FORrAAT

525 FORP.:AT

526 FOR:AAT

527 FOR;.IAT

528 FORV, AT

529

53O

531

532

533

53_+

535

536

537

538

539

540

541

545

, 1

1568001

156£no2

1568003

1565006

1568ma7

l_68oo_

156m011

549

DI_,KCNSION DET(9,9) ,'...'(SI,V#L(9) , 15680020

DISTENSION CA(IO0),CB(100),CC(]OOI,CDIICO),CE(IOO),CF(100) ,CG(1001,15680030

.1 CHIIO0),CI(IO0) ,CJ(100),BA(10OsG),PB(100,6) +_C(100,6)_D(!00,6), 18580040

2 BEI100,6),_F(1OC,6),SG(IOC,Gl,£tI(130,6),BI(!00,6),BJ(ZOq,6) ,

3 X(10 ) sY(10 ) sZ(IO ) ,XP(10 ),YP{lO ) _ZP(!0 ) ,_LP(10 ) _0',IP(]0 ),

4 DNP(10 ),LL(!O0),KNS(1COI,DSSI(1CC),_LIP,II(lOO)+OLl>12(tO0),

5 OLIt43(100),QLI_I4[100),GRID3(100),DBSI(]0O,GI,KOUNT(100)

5110)

7F10.3)

5110,2F10.33

5H J=I3,3X,29H SU_FACE S(J) IS NOI DEFINED )

5H J:IB,3X_ 3r! K=IB,3X,B]F: t_uNr)ARy R(.J,K) I5 NO] DEFINI

46H

IHI )
36H0

27HO

36H0

27H0

36H0

27HC

36HG

FORMAT (27H0

FORMAT 36H0

FURiqAI 27H0

FORPIA[ 36H0

FORt/AT 27;49

F GR:.;AT 36;40

FORVAT 27;40

FOR;,',A T 36H0

FOR;.IA T ,27H0

FORt.;AT 35"I0

FORbIAT [27H0

F OR,'.IA 1 (36HE

FOR>tAT (27;40

FORb'.AT (35H0

12iIB=EI8.8 /

FLAG IR 15 GREATER TH/_N TWO IN MAIN PROGRA,'4 1

Q:(O,O,O) FOR SURFACE NO.

Q=(0,OsO) FOR BDRY NO. I2,17H

C=(1,3,0) FCR SURFACE NO.

O:(l,O,O) FOR BDRY biG. 12,17H

C:(0+1,O) FOR SURFACE NO.

Q=(C,I,O} FOP 9DRY NO. 12,]TH

Q=(0,O,1) FOR SURFACE riO.

Q=(0,O,1I FOR BDRY NO. I2,17;4

I3

OF SURFACE NO° 13)

I3

OF SURFACE NO. 131

13

OF SURFACE X3. 13

I3

OF SURFACE NO, I3

Q=(-1,0,0} FOR SURFACE NO. I3

Q=(-I*O,O) FOR BDRY NR. I2,1.'H OF SURFACE NO. I3

0=(0,-1,0) FOR SURFACE NO. I3

0:(0,-1,0) FOE 9DRY XO° 12,17H OF SURFACE NO. 13

0=(0,0,-!) FOR SUR=ACE ,'40. 13 l

0=(0,0,-1) F,D_ 5[;Y _IC;. I2+!VH OF SL:RFACF NO. !3

Q=(I,I,O) FOR SURFACE ';O. !3 }

_-_-(1,1,O) FOr{ BD,,Y'r_ NO. I2,17H OF SURFACE NO. I3

Q=(IsO,I) FOR .}.._<$cI#[#rm'.-..:. tAG. I3 )

O=(1,O,1) FOR (!DRY NC. I2,ITH OF SURFACE NO. I3

Q=(O,IsI) FOR SURFACE NO. 13 )

O:{0,1,1) FCR EDhf ttO. 12,17H OF SURF#CE

CC, EFFiCIENT_ FCR ''-'_= NO .[ ,3,,,2..k=L1S_.,.:,-: ° 3 v H E._+2X, 15680560

6X,2}tC=E18.8,2X,2?!D=F1£.S,2X,_t --c .......- _,[.--,:IS.R,2X,2HF:r18.8 _q_?0570

15680050

15680060

1568n070

15680080

156802£n

156802q0

156803O0

15650310

5650320

_6£933_

5680360

5680350

5680360

568037 m

5680380

5680393

568040n

5680410

15630420

15680430

15680440

15680A50

15680460

156804_0

1568:)489

!5680L30

156805,00

]5680510

15680520

15680530

156805a0

NO. I3)15683550

216X,2HG:E 18.8,2X,2HI_=EI 8..B, 2X,2HI =E 13.8,2X, 2HJ::F18..q ) 1568058_

FORb',AT r321lO C_]FFFIC C_T_ _.r £'' r_ _ r[ I 1_ C_¢_-_[_,, . F_[? "D ''v 'IC fP,]TT; .... F,,, , "_O

113,3X,2HA=E18.8,2X,,2HE=EISo 8 /6X,2iIC=E!8 • 8,2X, 2,HD=E ] 8. £, 2X, 2_{E=E 1815580600

2.8,2X,2HF=EI8.8 16X,2HG:EIS.8,2X,2HH=EI8.8,2X,2;41=EIS.8,2X,2HJ: 15680610

3E18.8 } lm68062Q

KK=3 1568063m

MAXS-O 15680100

WRITE (6,520) 1568_640

READ (5 ,500)IP,ISD,(LL(ISDI,KN3(ISD)I,ISD_ 15680650

WRITE (6,5001 IP,ISD,LL(ISDI,KN_(ISD),ISDB 15681001

NN=0 15680660

IP=IP+2 1568067n

LOCKHEED c-5



#

:i

C

C

C

3

C
C

C

84

C

C

C

42

300

302

IF (Ir_-lO) 2,2,199
READ {5 ,SD1 )DSSI I ISO) ,CL I:41 ( I 8D) ,CLIt,12( I SDI ,OL !M3I I SD) ,

IM4IISD),GRIDS(_SD)

WRITE (6,501) DSSI (ISD},OLI;-",I(ISD),Q_ I;-12(ISD),QLIM3(ISD) ,.

I QLI:,_4 (IS[)) ,C-:<[D5(ISD)

IR=O

MAXS:!,'AXS+I

KOUNT (MAXS) = I ,.r;

GO TO (84,42,39,32,27,5,6,60,74,3),IP

SET SURFACE COEFFS. = TO PREVIOUSLY

A:CA(ISDB)

B:CB( ISDB]

C=CC(ISDP,)

D=CD(ISD8)

E=CE ( I S,',,5

F:CF( ISGU )

G=CG( l ST')P, )

H=CF;(IS, DR)

QI:CI(ISDF_)

QJ:CJ( [ SDP,_

GO 10 107

READ I>'. SURFACE CCEFICF:;T5 - FLAG=-i

READ (5

WRITE (6,501)

D=O/2.3

F=E/2.C ,

F=F/2.O

G=G/2.9

H=H/2.0

QI=QI/2.')

GO TO 73

R_:-AD Ii_4 THREa PLA'iE

READ ( 5

,',R I T E (6,531)

mm=i

N '; = 3

A:0.0

C:0.0

D:O.O

E:0.O

F=C.O

DO 30.0 I:i,3

DET(I,l)='r'(1)

DET(I,2):Z{t)

DET(I,3)=I.O

CONT _ hOE

CALL '.tDETR (3,t,,,"IS,DET

G:AN5

DO 302 I=1,3

DET (l,l)=X([)

DET {I,2)=ZII) "

DET (1,3)=-!.0

CONTINUE

CALL t"OF Tr_ I, m_'r r"rT

CALCULATED COEFFS. - FLAG:8

,501 }A,q,C,O,E,F,G,H,OI ,,Q,J

A,B,C,D,E,F,G,H,OI ,9J

SUP,'F#,C _. P,qINTS - FLt, G=O

,,50!) (X(1),Y(1),Z', I),!=l,3)

(X([),Y(I),Z(i ) ,[=1,3}

1568069h
_;o "0mOtl]_oOo._

15680700

15681Gn3

!m68071n

15680101

15680111

15680720

156£0730

15680740

1_6907_n

]568076_

15680770

IE6qr, 7oq

156807q0

156808OO

15680810

15680842

15694R5_

]56R0860

15680880

15680880

15680930

15681004

1B6_Ogln

156P_o20

156S0O30

]568Oo_

1568095q

1568o960

I£64_07m

186?00_0

1_6809oO

156s10n9

15681010

]56_1005

156_!020

15681n3_

l_6510an

156£105 _

15681n6c

l_6_lnTn

]568!08 _

15681C_9C

156PI]00

156Rl110

1_681170

1568t13q

I56811z_9

]5691150

l£6R]16q

15681170

]5681180

155811c0

1568!2_m

15681210

15681220

LOCKHEED
c-6



C

C

C

39

C

C

C

32

3O6

308

310

H:ANS
DO 304 I=I,_

DET(I_I):X([

DETII ,2]='((I ]

DE] (I ,3):1._

COt,'.'[ I NUE

CALL h!DETR (3,A,',_S,D.rTT)

C I :ANS

QJ:-2.O_(G"-X(I)4H'_Y(1)+f]I+Z !_ )

GO TO 73

READ IN CENTER POINT AND RADIUS OF

READ ( 5

WRITE (6,5D1

A=I.O

B:].O

C:1.0

D:O.O

F:O.O

F:-O.0

G:-X(! )

H:-Y( ] )

QI=-Z_I)
O J: X(1)=_2

GO TO 73

READ itl FOUR

R E/',, C ( :3

WRITE (6,50])

Ml"= 1

'q r,! - 4

A:I .0

B=I .9

C=I .q

D:0.O

F=O.O

D_ 30_, !=l,a

DET(I,I):YCI1

DET(I,2):Y( i ,

D_T(I+3,_:Z(I_

DET( [ ,4_ =I.0

COqT [ q: !_
C,"LL '*:_ETR (_,A'IS,_rT)

DO 3OR i:I,4

W( I ):-1.0_ (X ( [ )*'24Y ( I ) +-"2 +Z( I ) x :_2)

CO*i T I HUE

DO 31" I=!,4

DFT(I,1):W( I I

DET(I,2):Y(T 1

DFT(I,3):Z{i)

DET( i ,a 1:l.3

CO'4T I ",!UE

Cf-tL P,IDETR (4,ANS,DFT)

C,=A PiS/Q_L

DO 312 I=1,4

DETII,1)=X( I )

DET[ ! ,2):,1_ I )

SPHERE

,50!}X(1 ),v(!),?(] ) +PADI{!S

X[I],Y(] ],Z(I),RAD!US

- FLA(:I

+Y[ 1 I _-_2+7 tl 3 _2-R,t[_TL!S_2

NO_I-CO_LAL-"_# SUPFACE mO.THTS OF SDH_R5

,5C;I ) (X( I 1,YC : ),7( I ], I:1,4)

iX( I ) +Y( [ ] ,,Z(I) , I:i _.'}

- F[_AG:2

15681230
1563124_

15681250

156_126C_

1_6£127a

lq6812_q

1568t2aD

15681300

15681310

1568132_

15681330

156813_C

1568!_5n

!56qI%6_

15681036

1._681_q9

i_681_90

1Esslaq _

15681416

]R6R]429

156_143q

]_681a4r,

1_6R]Aq_

15681460

I56_1,_v0

15681a¢0

15&glO?n

15681_! _

156£IR37

1q_o153'_

15681540

156_!550

]n6p!_ _

156?]_v_

I_6_I_? -

186fi16_.9

Im_16=_

18681££ _

15681690

1568!70 m

Im67171 n

15681720

1_6_173_

l_6q17A_

1568176_

!56817V9

156£1700

t_68180_

156_IF!P

LOCKHEED c-7



312

314

DETII,,91=ZII)
DET( 1,4)=1.0

CO'qT I '.:UE
CALL ,'<DEIR (4,AtqS,DETI

H=ANS/C<

D0 314 I=I,4

DET(I,I)=X{I)

DET( I ,2)=Y( I 1

DET(I _3)='.,/I I)

DE'[(],:-I=].O

COt]T I _UE

CALL _,'DETR (4,A;IS,P,F]I

QI =.AN 5/O<

Q J=-(XI1)*-x-2+YI1)_:-_2+Z(I)_-2+2.O_-G <-X(])+2.0*H_Y(1}+2,0_'QI_-Z(1))

GO TO 73

C

C READ IN 2-AXI. S PIS AND RADIUS OF RT

C
27 READ 15 _501) (X{I),YII),Z{!),I

WRITE (6,50]) {X(II,Y(1),ZII),]=],2

DL=X(2)-X(I _

Dv=YI2)-Y(I)

D_'!=Z(?_-Z(!l

DD= SO b T (DL • mL_ D _-'_'r''''4" ['X×D:: )

QL,'_'4DA = DL/DD

QvU=D','/DD

ONEU=D_'I/DD

A=O.O

8=1.0

G=O.O

H=9.O

01=$.0

CJ:-R_D I U'S_ -_-2

68 OK=A-9

_=9+_K_P, LA!!DA _ 2

C : S'+hK-'4 _'1E U' -"_2

B :.R+QK _O'.'U_ ._ 2

D= _K_QL?,_'b; < Cff,'U

E : r,',K < q L -t v F:,&*: O' : :'- U

F : q K-_-2"LJ_q'. C EL'

] .(F_Z(I )-H)-."YII)-OI *Z[I)I

72 G:G-4 ',: X ( I I -O-_ Y ( 11 ---E _Z[1]

H:H-D_X(1)--F,-_Y(1)-F *Z(! )

C I :OI-F.._.-X ( 1 )-F_Y t i }-C _.-Z [ I )

GO To 7 "_

C

C READ IN

C

5 READ

WRITE

Mt4=l

NN=3

IR=-I

7 DD= 5OR T ( DL*DL _' D'! :-"-C+Dt'! _ D'i )

CLA'!DA---_L/DD

")MU= Du/00

O'IEU=DX/DD

IF (DN) 14,9,14

9 IF (D'<} 12,10,12

I0 D?"_I=Y { 2 ]-YI 1 )

CIRCULAR CYL - FLAG=3

1,2],RADIUS

,_t,D!'U S

3 St!RFACE PTS A,q'_ DIRECTIO"i NOS OF RT CIR CYL

(5 ,501) {Xl I) ,Y(_,I,ZI I ),I :I,51 ,t:t,txi,DX

I6,501) (X(I),Y(I ),Z[I),I=I,B),OL,DY.,D.".'

- FLAG:4

l_6ml_2m
15681830

1569194fl

15681g50

15681860

15681870

15681880

156918_

1568!_00

1568]_!_

1568102_

15681930

15631950

]_6_]eTm

]56_198C

1_6910o_

]5632000

1568!008

1:68201_

]_682020

!96£2_3 _

15682040

15682_5n

]5692n6_

]9682070

1568208_

196_20cn

15682]_

15AR21]_

1q6_212_

1568213_

]96R_!4n

196_2150

15682160

1567217_

156821!0

15682!_

196822,_q

15682210

15682222

15692232

15682240

15682250

1969226_

]56822:'P

156822g0

196822eP

15682390

15681009

1_682310

]5682320

15682330

15682340

196_239Q

19682360

15682870

15682380

156823c0

15682400

LOCKHEED
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]2

14

16

19

22

48

316

318

320

TASLE C-Z

{"lf)_r: T_][- T'_,

DHI=Z(2)-Z(1)

DLI:0.0

GO TO 16

DL]=X(2)-×(I)

DNI=Z(2)-Z(1)

Dr4] =-DL ,',DL 1/D'<

GO TO 16

DLI=X(2)-XIll

D,'V 1 =Y ( 2 )-Y( ! 1

DN ] =- ( DL -x-DL ] 4 D_.;-_DH ] )/D'<

DD 1 : SQR T ( "-)L 1 -_[:'L 1 * [-A,_] _ D" 1 +'h_[ ! -_-3'i 1 )

OL A,_4] =DL. 1/r')D1

Q'.IU 1 =Db! t IDD]

OXEtJI=Dql/DD]

Q'4U2 = 0'4 Et ! _,<O[ AY ] -qL ^.,r-, ,. _ ?q": U 1

QP'IELI2:Q[. 2,':DA _, C'/U I-Q_'U_QLbJ41

YP(I)::QLA'.I]-_(XI2)-X(1] )-t%'-'U]*(Y(2)-Y(! ) )-_S,:':ELI!_ (ZI2)-Z(1)

YP(2]-OL:."II_(:'t(3)-X(1 ) ]+'3"<UI:_(Y(f)-Y( I '. )'_Y. 5'.71_:(Z(3)-2(!)

ZP ( 1 ] =or_A'42< (Xf2)-X(1 ] )+_:'U2-_(Y (2 1-v[ !) )-_'_LFL'2< [ Z ( 2 )-Z (1)

Z _ ( 2 ) =_L &r:2-x- ( X ( 3 ] -X ( i ] ) +0'-',j2 r-( y ( "_,) -y ( ! _ ,,,=2:.._U 2--: ( Z ( 3 )_Z ( ] )

IF (IR) 22,4_!9

IF 1I_-2) 22,_£,48 -

W ( ] ) =- (Yp Ci ) _ _-2÷ Z:: ( i ) -_-; 2 )

OK=2,r')_'(YP( ! ) _ZP(2]-YP(2)-'_Z_(i) }

HP=IW(1)*ZP( 2)--ZD' 1)*W{2) ) /QK

OI=(YP(1 }_,:t(2)_,,,t(1)_Yp(2) )/OK

G= H P-_QI_ .'_'.': 1 +O : "_ ':'L ," ' ' :>

H=HP<Q'.;U 1 +Q ! _G'.':J 2

Q ] =HP'_Q"F'JI +C I _ O'tE;J2

_ :0,.0

_=1.0

QJ=O.q

GO TO 68

YP ( 3 ) : OLA,',t]

YD ( 4 ) = CLAhII_

ZP(3):Ot,*,_,'2 _

ZP(4)=QL A'<2 _

DO 315 l_ l,t_

DFZT( [ , 1 )=.7;'( )_'2

DET(I,2)=YP( )-_ZP(t)

DET(I_3)=YP( )

DETII,A]:ZP( )

CONT INile

CALL _•I.,h.ETR (4,,'_NS,?":T)

BP:2. _ _A',!S

DO 318 l:1,4

DET( l , !)=YP( ] )_:-2

DFT( !,21=YP( I )_.ZD( '[ ]

DET([,3)=','D( I 1

DET( I ,41 :ZP( ! )

CONT I _tUE

CALL t,!DETR (4,,tV"IS,DET)

CP:-2. O_-ANS

DO 320 I=1,4

DE'I([ _I)=YP([)_._2

DE'[(I,2) =Z 9( I ) _-_-2

DET(I,3)=YP(I)

DET( I ,4 )=7P( I t

C O#! T l ,',ILIE

X(-4)-X(_))+C'"J]_(Y(4)-Y(1

X(SI-X(Z})+?<UI*(Y(5)-v(1

X(4)-X(I))@S'-'U?_(Y[A)-Y(!

X(5)-X(L))+Ct.IU2_-IY(5)-Yfl

)4D'_E:JI_fZ (4)-Z(i)

]+Qf',E'J 1<- (Z ( 5 )-Z ( ] )

)+_51ELI2_-(Z{4)-Z{ 11

] +O%_U2 -_ ( Z ( 5 ) --L' (-i)

15682410

156?242_

156q2430

]56£2450

15682460

]_6_247_

15682480

]S&g24n_

15682500

1568251D

]5682520

15682530

]56S2540

15682550

156R2560

155_28_0

15682530

156825ct

155326C0

15682610

15682620

1568263_

ib6b26L_

15682650

]56_26A_

15682(>70

156_26£0

15632700

15682710

155_272P

156_273_

]_68274 r,

1568275e

15682760

156_277o

. 156827E0

156827¢0

156_28C0

1_8_261n

15682820

15682£3R

15682S40

J5682850

15682850

156828vO

]56r2S2_

15582890

15682nnn

]56£2Qln

15682920

15682930

15682940

15682950

15682_60

15682970

15682980

l_6g29_n

15683000

15683010

LOCKHEED c-9



322

324

C
C

C

6

C

C

C
60

%, :,T _ C-Z

CALL MDETR (A,ANS,DET)
F=ANS

DO 322 I:t,t_
DET(I,] I:YP(I )_<2

DET(I _2)=ZP(I )-_-_2

DET(I _3)---YP( I)_ZP( I )
DET(I,4)=ZP( I ]

CONTINUE

CALL MDETR (4,ANS,DET)

HP=-A,NS

DO 324 I=1_4

DET(I _ 1):YP(I )-x-_2

DET(I ,2}:ZP( I 1_2

DETII,,3)=YP(I)'_ZP( I )

DE1 (! ,,4):YP(l)
CoNT INUE

CALL MDETR (4,ANS_DET)

OI=ANS

A:BP*QLAM 1,_ 2+CP_GLAh12 ._ 2+2. O_.gLA_._I_CL&_.',2_ F

R=R P_Q',IU 1 _,>2+C P_Ob_U2 ,_ 2_ 2.0_ QVU ] _9.<U2_ F

C:BP_Cr4EUI_ _ 2+cr'_OhEL!2_ <2+2. O_:':::'!:U] ;2:(_.U2 < F

D=BP_QLA_'II*C"Ul+CP_QLA"I2_CJ'tU2 _ ( ©LA:-II*QhtL#24Q:_,Ul_QLA_'12 ) _F

E:BP_QLAbil_Q!;Et) l_CP_GLAX2_C_>;EU24 IOLA_41 _'QI;EUS+Q:;EUl_OLA:42)_F

F=BPWQ;'IUI-XQNEU 1 +¢P_Q,'.II_P_ONEU2+ ( O*-_LI]. _O;4EU2+QNEU] _QP,IU2 ) _'F

G=HP_OLA_tl+QI_QL_P2

H:HP*O_4UI÷Q_,IU2_QI

QI:HP_ONEUI+Q_!FU2*QI

OJ=O.q

GO TO 71

READ IN 5 PTS.

READ (5

WRITE I6,501)

MM=I

NN=5

GO TO

READ IN

R_AD

WRITE

MY = 2

NN=4

DL=X(S -X( )
DM=Y(5 -Y[ )

DN=Z(5 -7( )

DD:SQRTIDL_DL*D_*D'.I÷DN_DN

OLAMDA=DL/DD

QMU=DM/DD

QNEU=_N/DD

DLP(1)=X(2 -X[

DLP(2)=X(3

DLP(3)=X(4

DMP(1)=Y(2

DMP(2)=Y(3

DMP(3)=Y(4 -Y

DNP(1)=Z(2 -Z

DNP(21=Z(3 -Z

DNPI3)=Z(4 -Z

DO 61 I:1,3

AND DIRECTION NOS OF ARBITRARY CONIC

,501)(X{I),Y([),Z{I),I=I,5},DL,DX,DN

(X(1),Y(I),Z(1),I=I,5),DL,DM,DN

2 AXIS PTS PO AND P4 + 3 PTS OF ARB

5 ,5011(X(I),Y( ),Z(1),!:i,5)

6,501) (X(1),Y(I),Z I),I=l,5)

CYL - FLAG=5

-X{

-X

-Y 1

-Y 1

1

1

1

1

CON IC OF REV -FLAG=6

15683020
15683030

1568304n

15683050

15683060

15693070

15683080

15683090

15683100

1568_11_

1568312_

15683130

15683140

15683150

1568316_

15683170

15683180

156831oh

15683200

15683210

15683220

15683230

156832_0

15683250

15683260

15683270

156832n0

156832q0

1568330n

1868331n

15683320

1568333n

15683340

15681010

1568335_

1_6£_6q

1568337_

156833fi_

15683390

196834Zq

15683',i0

15681011

1_68342_

lq6q_4_

l_6Rqa4r ,

1568345n

1_683_6n

15683z_70

15683480

15683490

15683500

15683510

1568352n

15683530

15683540

15683550

1568356_

15683570

156835R_

15683500

1568360n

LOCKHEED C-IO



61

62

63

64

C

C

C

74

76

XP ( [ ) =QLAMDA _-DLP ( I )_ QHU;,DHP ( I ) 4.3,'.,'EU_DtP ( I ) ] 5683610

YP ( I ) = ( i • 0-QL;,.HDA'_ r-2 ) < DLP ( ! ) _"2+ ( ] ° 0-QMU -r'_2 ) £ D;'4P ( I ) _ _2+ ( 1 • 0--QNEU_ _15682, 620

12) *DNP( I)*_2-2.0*(OLAHDA_DLP( I )*-{'N4U;,DP:F' I )+OF'.EU-_DNPC I) )-_

2 O"_LI_'Qt':_'U¢D"'F_( I ) :_P P( ! ) )

CONTIXUE

DO 62 I=1,3

DETII, ])=YD(1)

DET(I,2)=XD(I)

DETII,3)=].O

CON T IN UE

CALL .MDETR (3,A.'!S,DFT)

A=ANS

DO 63 I=i,3

DFT(! , 1 )=X r>( I )-x_2

DET(I,2):XP( ! )

DFT( ! ,31=-1. r)

CONTIMIJE

CALL MDETR (3,AINS,DET)

B =ANS

DO 64 I:1,3

DFT( I , I ):XD( I )_-2

DET[I,2):YD(I)

DET(I,3)=.5

CDN T I _q,!F

CALL _._DFTq (3,_-":8,D.CT)

G = A .",IS

• QJ=-[A*XP ( 1 ) _-'_2+8_YP ( ] )+2.0"_XP ( 1 ) _G )

OI =G_-©N FU

H: G-_,O.,U

G= G*'3 L A'.!D &

GO TO 6?

c,,_,_ r AN ARE _.R[AD IN 9 SPACED oJ_rA_E PTS OF CONIC - FLAG=7

READ (5 ,501) (X( I),Y( I),Z( I ) , I=] ,9)

WRITE (6,501) (X(I),Y(I),Z(1),I=I,9)

NN=9

DO 76 I=I,9

DET(I,])=Y( I )_2

DET(I,2)=Z(! )_-_2

DET( I ,3)=X( I )_Y[ I

DET[!,4}:X(I )_Z(I

DET(I ,5):Y( I)_Z( I

DE'[( 1,6)=X(I)

DET(I,V):V[I

DET( I ,8]:Z( I )

DET(I ,O)=l,r"

CO _,!T I NUE

CALL MDETR (9,,"NS,DET

A:ANS

DO 77 I=l,O

DFT( I,])=X( I }<'2

DET(I,2)=Z(I)**2

DET(I,3)=X(1)_'Y( I )

DET(I ,4)=X( I )*7( [ )

DET ( I ,,5) =Y( I )*Z( I )

DET(I,6)=X(1)

DET(I,7)=Y(1)

DET(I,R)=Z(1)

DET(I,<:)}=-I°r_

15683630

15683640

1568365a

15683660

156836T_

15683680

15683690

15683700

15683710

1m683720

15683730

1_6_37an

15683750

156_376n

I_69377_

15683780

1_68370_

156_3800

15683810

1568382q

1568%530

156q384n

1%f,P%RSO

]_68786@

15683870

156838g_

]m6qBa3Z,

]_OqnlO

15683920

15683930

]5683040

15683950

15681012

15698o69

1%681O7A

i5683qSn

155830q, _

156440q0

156%4C, i0

15694020

15684030

15684040

1_68a_5_

1568_060

l_6P4hvq

1868408@

15684090

I<6P4]_

156B4iI0

1_6e412q

156S4130

15684]4A

15684]50

15684160

I_68a170

15684180

156B41a0

ImAn_20n

LOCKHEED
CAL'_N'A CC%I{'AN (
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./

77

78

79

8O

81

C_NTI_XJE

CALL MDFTR (9,ANS,DET)

B=ANS

DO 78 I=I,Q

DET(I,I)=X(I _2

DETII,2)=Y(I *_2

DET(I,3)=X(! *Y(I}

DET(I_4}=X(I _Z(1)

DET(I,5):Y[I _Z(1)

DFT{I,6I_X(I

DETII,7)=Y(I

DET(I,8}=Z(I

DETII,9)=I.C

CONTINUE

CALL MDETR (9,ANS,DET)

C:A_IS

DO 79 I=I,9

DETfI,II=X(1)*_2

DET(I,2)=Y{I)_*2

DET(I,B)=Z(1)_2

DET(I,4)=X(I_+Z(I_

DET(I,51=Y(1)_Z(I}

DFT(I,6}=X(1)

DEI(I,7)=Y{I)

DET(I,RI:Z(II

DET(I,9)=-.5

CONTINUE

CALL MOETR (9,ANS,DET)

D=ANS

DO 80 I=!,_

DET(I,])=X(T)_2

DFT(I,2)=Y(I}_2

DFT(!,2)=ZfI)_2

DET(I,¢)=X(I]_YII }

DETII,5)=Y([)_Z([}

DET(I,6I=X(I)

DET([t7)=Y(])

DET(I,£)=Z(I)

DET(I,9)=,5

COtT I ,!r.!_

"C_LL VDETR (9,_!5,_T)

F=At.!S

DO 8] I=1,9

DET 1,1)=X(I)_2

DET 1,2)=Y(I)_2

DET 1,3)=Z(I)_2

DET 1,4)=X(1)*Y{I)

DET 1,5):X{!)*Z(1)

DET 1,6)=X(1)

DET 1,7)=YII)

DET 1,8}=Z(1)

DET 1,9)=-,5

CONTINUE

CALL. _%;ETR I�,ANS,D_T)

F=ANS

DO 82 I=1,9

DETII,1)=X(I)_2

DET{I,2)=Y(1)**2

DET(I,3)=Z(I)_2

DET(I_A)=X(!}*Y(I)

PET 1,5)=X(1)*Z(I)

_T_,_-- \T T:_; ") ,

1568421n
15684220

15684230

15684240

15654250

1568426O

15684270

156842m_

1568429_

15684500

]56845!_

15654320

15654330

15684340

15684350

Iq684%6 r)

156£437_

15684380

156848_0

1568440_

15654410

1568442_

15684430

I_6_445_

15684460

15684470

15684480

]568440rq

]q644500

1568451Q

156_452_

1_68453_

1568454m

15684550

!565Q560

15654570

]q6885_o

158_Lenq

156R4&qD

15684!i_

1_6846_o

1568_6L0

1568465_

15654_(,2

156qL6_

1568z+6_

156846aC

1568z,7qr:

15684710

1568872C]

15684730

1568L740

]568475_

1568476_

15684770

1568_780

1568470n

1568_800

15684510

LOCKHEED C-12



82

83

85

L__

DET(I,I

DET(I,2
DET(I,3

DET(I,4

DET(I,5

DET(I,6

DET(I,7

DET(],8

OCT(I,9

DET(I,6)=Y(I)*Z(I

DET{I,V)=Y(I)

DET(I,9)=Z(I)

DET(I,9)=.5

CQ_!TINUF

CALL MDETR (9,ANS,DET)

G=ANS

DO 83 I=1,9

=X(1)*_2

=Y(1)*_2

=Z(1)_2

=X(1)._Y(I}

=X(1)mZ{I)

=Y(1)_Z(])

=X(1)

=Z(1)

CONT I NUE

CALL MDETR (9,AXS,DET)

H=ANS

DO 85 I=i_9

DET(I,I)=XII _2

DET(I,2)=Y{I *_2

DET(I,3)=Z(I _2

DFT(I,4)=X(I _Y(_)

DET(I,5)=X(I _Z(1)

DET(I,6)=Y(I *Z[I)

DET(I,7)=X(I

DET(I,8}=YII

DET(I,9)=.5

CONTINUE

CALL MDETR (9_ANS,DET)

OI=ANS

OJ:-(AwX(I}*_2+B_Y(])*_2+C*Z(1)_*2 +2.D_((D*Y(1)_E_Z

1 (F*Z(1)+H){Y(1)+OI*Z(1)) }

73 IF (OJ) 104,96,104

86 IF (A+2.CR$) 103,87,103

87 IF (B+2.0*H) 102,88,102

88 IF (C+2.0_OI) I0!,89,1nI

89 IF (A) 100,gO,]OC

90 IF (B) 99,91,O9

91 IF (C) 9£,92,c)G

92 IF (D) 97,93,g7

93 IF (E) 96,94,96

94 IF (F) 95,108,95

95 ALPH&=F

IF (KK} 420,420,421

420 WRITE (6,540)1SD

GO TO I05

421 WRITE (6,541)KK,ISD

GO TO 105

96 ALPHA=E

IF (<K) 422,422,a2_

422 WRITE (6,538}ISD

GO TO 105

423 WRITE {6,539)KK,ISD

GO TO 105

97 ALPHA=D

IF {KKf 424,424,425

424 WRITE (6,536)ISD

1}4-G)_

1568aS2n

]q6n4a3_

156_4840

15684850

]m6q4B6_

15684870

]5654880

15684890

15684900

156n4elB

15684920

156_483_

15684940

15684e5_

15684960

]56£4q70

I%694_£_

]56_4_<0

]56850q9

15685_]q

!5695020

156950_0

156850cn

156850_0

15685n6_

156_5qv_

15685nRC

156_508_

1568510_

15685110

15685120

1568[!3C

15695!4n

I)+ ]569515h

1568516O

]_6Pq_v o

1568518}

15655]90

156_5200

]56552!_

]_6_52Pm

1=685230

196_5240

156_5)5 _

1568526_

]568%27n

I46ZSP_

]56952nO

]668EB_n

]5655310

1_6_532_

15685330

156B_340

15685350

!5655%60

15685_70

]8695_0

]_685%oq

15685aOm

15655410

n548

LOCKHEED C-13



r - "'f

9O2

910

9O6

908

915

95O

905

107

]O8

IOQ

110

C
C

C

199

2OO

201

202

505

2O4

C

C

C

203

ffAT_LE C-I

/

CONTINUE
IF (NFLAG 915,9!5,910

IF (KK} 906,906,908

WRITE 16,510)ISD

GO TO 915

WRITE (6,5!2)EK,ISP

WRITE (6,950}(VALII), I=M',_,N_)

FOR>!AT ( 6H 6E20.8/6X,BF20.8)

IF (IR-1) 107,213,213
CAIISD :A

CB(ISD :B

CC(ISD =C

CD(ISD =O

CF(ISO =r

CFCISD =F

CGIISD =5

CH(ISD =H

CI(ISD =01

CJ(ISD :QJ

D=2.O*{)

r:2.O_r

F=2.O_F

G=2.0_G

H=2.0_H

_I=2.0_OI

WRITE (6,545)ISD,A,_,C,D,E,F,G,H,QI,©j

60 TO 1

IF fIR-I) ]Oc,]]e,]]O

WRITE (6,51n)IgO

GO TO ]

WRITF (6,512)IS5,KK

60 lq 200

STARTING BOUNDARY SPECIFICATI©NS

WRITE (6,520)

READ (5 ,534)10, ISD,KK,15DB,K2,IDgSI(ISD,KK)I

WRITE (6,5041 ID,ISD,KK,ISD;_,K2,DqSI(ISO,KK)

NN=O

IO=Iq*2

IF (I0-8} 201,231,299

IR=!

IF (KK-II 77n,202,204

WRITE (6,595)

FORYAT (_HO)

CONTItltI[

GO TO (206,207,42,27,210,211,

BDRY COEFFS.

205,203),IQ

SET = TO PREVIOUS CALCULATED EDRY COEFFS° FLAG

A=AA(I

B:BB(I

C=RC(I

D=BD(!

E=AE(I

F=BF(I

G=BG(I

H:BH(I

QI:BI(

QJ=BJ(

GO T_

50_,_2

SDn,K2

SDn,K2

SDR,K2

SDB,K2

SDR,K2

SDB,K2

ISDB,K )

ISDB,K2)

213

= 6

15686030
15686040

15686050

15686060

Ig6R6G70

156B6n_a

15686090

15686100

15686110

15686120

1568613A

15686145

156A6150

]q6R6]gm

15686170

15686188

15686190

]568620m

156P6210

]56P622_

156_624o

156R625_

1568626n

156_627C

15686280

15686290

1q68630_

]568631a

tq6R6B2_
15686330

]5686340

15g868_

15686360

156R63TO

35686380

15686390

15681013

lq6_6aq_

]56864iG

15686420

]_6_6430

15686440

15686450

]56_446,_

156R647n

15686480

156_64c0

15686500

15686510

156a652N

15686530

1568654_

1568655m"

1_6_656m

15686570

15686580

156865Q0

15686600

156_6618

1568662a
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GO TO ] 05

425 WRITE (6,537)KK,ISD

GO TO ]05

98 ALPHA=C

IF (_!K) 426,L26,427

426 W_IT_ (6,53411SD

GO TO 105

427 WRITE (6_S351KK,ISD

GO TO ] 05

99. ALPH'A=B

IF (KK) 428,428,429

428 WRITE (6,532115D

60 TO 105

429 WRITE (6,533)KK, ISr)

GO TO 105

i00 ALPHA:'A.

IF (<_) 4_0,AgO,A n]

430 WRI]E (6,530) ISD

GO TO ]O5

431 WRITE (6,53!)KK,!SD

GO TO 105

101 At r,H#.= <+2. R*q I

IF (<K) 432".e_32,L33

432 WRITE (6,_28) ISD

60 TO 185

433 WR!]E (6,520)v-.K, ISO

00 TO ] 05

]02 ALPHA:S+2.0_H

IF (KK) &_4_43-'+_435

434 WRITE (6,526)I6D

GO TO 105

435 WRITE _6,527)<<,ISD

60 TO 105

103 t- L_F'FA :: t. ÷ 2.0_,q

IF (<<_ &36_A36_Aq7

436 WRITE (6,524} IS9

GO TO ]O5

437 WRITE (6,525)K<, !SD

GO TO 105

]O& A[ PH£:OJ

IF (<<} 43?,439_A39

438 ',',':_ I ] E [6,522) I3:_

C,q TO 105

439 WRITE (6,5271<K, [SO

105 A-A/A LP,_!A

B=9/ALPH-{

C:C/._L_HA

D=D/A! _H&

F =r/ALP'L%

F:F IAtP;-!A

G= G/_,L_'_,

H:H/A[ OHA

QI:QI/ALPHA

OJ=QJ/ALOHA

IF {NN} 905,908,90f

900 ._'._LAG=O

DO 902 I:',I'-1,',!h'

oOa

rU _ i)T T2

156PSZ;2_

15685430

ln69544m

]5685450

15685a40

156S5470

15685480

15685490

15685500

1568551n

15685520

1568553o

156£554A

]5685550

1563556n

15685570

156_55_q

15685590

156856n_

15685610

1568562D

156856>0

1_685640

1_68565A

]568566D

156856vn

]56_56_

156856eo

156857nm

15685710

15685720

156_5730

I_69574_

lm6_:,TSq

1_6_q76_

1_69577m

156857_h

15685790

!56RS_m

"156858!0

156g5c20

]56_7830

l_g55_40

15685955

15685960

]_6mS£TA

[56858_n

15685850

166_5c:0_

1568591n

1_6R5o2_

]5695e30

15695040

15685950

15685969

15685070

lq68qoRo

VAL(II=A*X(I}*_.2+Z_Y(I)*_24C*Z(I){_2_2.0_D_X(I)_Y(I)+2.0_E{X(I}_Z(]5685090

I) +2.0*F_Y(I)_Z(I) _2.0*_X(!)+2.O4_H_Y(I)+2._QI_Z(I)+QJ ]5686000

IF (ABS(VALI Ill-0.1) 902,904,904 15686010

NFLAG:2 ]_6R6APm

LOC}IHEED C-15



/
i"

C
C

C
206

C

C

C

205

C

C

C

"207

210

211

213

BDRY COEFFS.

A:CA(ISDS)

B=CB(ISDB)

C:CC(ISDB)

D=CD(ISOB)

E=CE(ISDB)

F:CF(ISDB)

G:CG(ISDR)

H:CH(ISDB)

OI:CI(ISDB)

OJ:CJ(ISDB)

GO TO 213

READ IN BOUNDARY

READ (5

WRIIE (6,501)

D=D/2.O

E:E/2.0

F:F/2.0

G=G/2.0

H:H/2.O

01=01/2.0

CO TO 73

READ IN TWO BOUNDARY

SET : TO CALCULATED SURFACE COEFFS. F_AG : -1

COEFICIENTS FLAG=5

,501)A,B,C,D,E,F,G,H,OI,QJ

A,B,C,D,E,F,G,H,QI,QJ

POINTS FLAG=O

,501)(X(1),Y(1),Z(1),I=I,2)

(X(1),Y(1),Z{I),I=I,2)

READ ( 5

WRITE (6,501)

MM=I

NN=2

DL:X(2 )-X ( I )

DM:Y(2)-Y(1)

DN=Z(2)-Z(1)

G:DN*CH( I SD)-DM*CI (IS0)

H=DL*CI (ISD)-DN<-CG([S0)

OI :DM*CG( I SD)-DL*CH ( ! SD)

QJ=-2.0_'(G_X{II_,H*'-Y(1)+QI*Z(1))

A:O.O

B:O.O

C=0.O

D=O.O

E:0.0

F=O.0

GO TO 73

READ (5 ,501) (X(I) ,Y(I) ,Z I I ) , I =1,3) ,DL,i)M,DN

WRITE (6,,501) (X(1),Y(I},Z(1),I=I,3),DL,DM,DN

MM:I

NN=3

GO TO 7

IR=2

GO TO 6

BA( ISD,KK)=A

BB( ISD,KK)=R

BC(ISD,KK)=C

BD( ISD,KK}:D

BE ( ISD,,KK )=E

BF( ISD,KK)=F

BG( ISD,KK)=G

]G68863n
156866a0

]mG8665m

,15686660

156866vn

156R6'6nO

156866_n

15686700

15686710

1568672n

]568673h

1568674m

]568675m

15686760

1_886770

15686780

1568679m

15588800

15681014

1568681n

15686820

1968683n

]_6P6840

1868G88_

1568686n

15686870

15686_n

15686890

]5686900

15686910

15681015

]q6_6o)n

]5686o3n

15686940

15686950

15686860

15686970

15686980

156869_0

15687000

15687010

15687_2_

1568703n

15687040

156870qn

]56R206_

]_6R7mV_

15687080

15681016

]5_87000

15687100

15687110

1568712n

1R68715_

15687140

15687150

15687]60

15687]70

15687]80

1568719O

1568720 n

LOCKHEED
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216

299

7oo0
6077

6098

6099

7001

BH(ISO,KK)=H
BIIISD,KK)=Q1

BJ(ISD,KK)=QJ

D=2.O_D

E=2.0_E

F=2.0_F

G=2.0_G

H=2.0_H

01=2.0_01

WRITE (6,5491KK,ISD,A,B,C,D,E,F,G,H,OI,OJ

IF fIR-2) 200,200,216

WRITE (6,5141

GO TO 770

WRITE (6,520)

IF (MAXS.GT.O) GO TO 6077

RETURN

IF (IO.LT.23) GO TO 700]

READ 111) IDU

IF (10D) 6099,6099,6998

BACKSPACE ii

DO 7005 J=I,_4AXS

I=KOUNT(J)

NB=KNB(I)

IF (NBoGToO,At4D,NB,LT,7} GO TO 7003

NB=I

7003 WRITE (ii) I,CAII),CB(1),CC(II,CD(1),CE(II,CF(1),CG(I

i ,CJ(1),LL(1),KNB(I},NS,DSSI(1),QLI_-II(I},QLIH2(1),Ot.I_43(1),

2 QLIM4(1),GRIDS(I;,(BA(I,K},BB(I,K),BC(I,K],BD(I,K},BE(I ,K),BF

3 ),BG(I,K},BH(I,K),CI(I,K),BJ(I,K),DBSI(I,K),K=I,_B

7005 CO_;TINUE

IDD=O

WRITE (Ii) IDD

END FILE 11

REWIND 11

GO TO 7000

77O CALL EXIT

STOP

END

$IBFTC _DETR LIST,REF,DFCK,M94, Xq _
SUBROUTINE MDETR (r;,C,A)

DI_ZENS ION A(9,9) )r_(lO)

LN=N-I

DO 18 I=I,LN

MI=I+l

DO 18 K=MI,N

IF (A(I,I)} 19,3,19

3 KI=I+I

DO 6 K2:KI,N

IF (A(I,K2}} 4,6,4

4 DO 5 JJ=I,N

B(JJ)=A(JJ,K2)

AIJJ,K2)=AIJJ,I)

A(JJ,II=-B(JJ)

5 CONTINUE

GO TO 19

6 CONTINUE

C:O.O

GO TO I00

19 AA=A(K,I)/A(I,I)

DO 18 J:I,N

17 A(K,J):A(K,J}-AA*A(I,J)

]5687210

]568722n

15687230

15687240

15687250

1568726_

156872V0

In6p72Rn

1_68720_

15687300

15687310

15687320

Im687330

15687340

CO_PLOI

CO_'P[02

15685001

1_685002

15685009

15685004

COVpL03

15680507

CO_?L04

CO_4PL 5

COMPL06

,CH(1),CI(1)

I,K

CO_PL 1 O0

CO_Vt.102

CO_-'P L I03

156£004

156gQO5

15685001

15687380

15687390

1568740m

15680020

]8680_30

I868o050

15680o7o

15680080

15680090

156801D0

1568012m

156£n1%_

15680140

15680150

15680160

]5680170

156801_0

15680190

15680200

1568n21n

15680220

1568O23O

15680240
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]g CONTINUE
B(1)=1,0

DO 32 L:I,?I

B(L+I )=B(L)*A(L,L)

32 CONTINUE

C=B(N+I)

100 RETURN

END

$OR IG I N BETHA

$1BFTC COMPU1 L I ST _ REF _DECK _M94, XR7

SUBROUTINE COMPUT

DIMENSION CA(10 )_,CB(IO ],CC(IO )_CD(IO ),CE(IO ),CF(IO ) _CG(IO )

1 CH(IO I,CI(IO ),CJ(IO ),BA(IO ,6)98F,(!0 ,6),BC(10 ,6),BD(10 ,,6}_

2 BE(tO ,61,BF(10 ,6),BG(10 ,6),BH(IO ,6),8I(10 ,6),BJ(10 ,6),

3 X(875 ) ,YI£ 15) ,Z(875) ,XP(8.75) ,YP(875) ,ZP(875) _DLP(875) _DMP(875) ,

4 DNP(875),LL(lO ),KNB(IO ),DSSI(].O ),QLIMI(IO ),OLlt-12(lo ),

50LIMB(IO ),OLIM4(IO ),GRIDS{IO },DBSI(IO ,6)

DIMENSION EKPI875),DL(B75),D:.',(875},DK{875},D',I(875) ,P_II (875),

1 PSI (875) ,MIS( 10} ,T(875) ,U(875) ,V

COMMON /ECOM/ CA, CB, CC

1 , CG , CH , C I

2 _ BC , BD , BE

3 , BI , BJ , ×

4 , YP , ZP , DLP

5 , KNB , DSSI , OLII'-II

6 , GRIDS , DBSI , DKP

7 , DK , PHI , PSI

8 , V , OO , VPST

9 , IP , IL , IH

1 , NLD , IU , NFT

2 , A , B , C

3 , G , H , 01

4 , DEL2 , DELIP , DEL2P

LTEMS=O

IH=O

NFLAG=I

2 READ (5,200) KNTRL,IT,IS,NOIS_N,'.REA

WRITE (6,200) KNTRL,IT,IS,MOIS,,qAREA

NBDD=O

IF" (KqTRL) 3,5,4

3 IDD=O

WRITE (81 IDO

REWIND 8

GO TO 5

4 WRITE (6,210)

GO TO (402,40]),NFLAG

/401 IDD=O

WRITE "(81 IDD

END FILE

REWIND 8

402 NFLAG=I

GO TO (I01,104,106,770),KNTRL

5 GO TO (6,,9),NFLAG

6 NFLAG=2

7 READ(8) IDD

IF (IDD) 410,410,7

4]0 BACKSPACE 8

9 LTEMS=IT

IT=I

KFLG=I

GO TO 415

(875) ,()Q(875), VPST (875)

• CD , CE , CF

, CJ , BA _, BR

, RF , BG , BH

, Y , Z , XP

• DMP , DNP , LL

, OLIM2 , OLIM3 , OLIN4

, DL , DM , DN

, MIS , T • U

,, NG0 , NDO , NP

, IT , IS , NC

r,ISIGMA , NPP • KP

', D • E _ F

, OJ , RIGHT , DELl

, NBDD , NVP,NOIS,NAREA,LTE,MS

1568025m

15680260

l£6RO27m

15680280

156802_0

15680300

15650310

1568n32o

1568002_

,15680030"

]5680oao

15650050

15680060

15680070

15680080

15680090

15680]00

15650130

]568c)14_

15680150

]G6gnIAO

15680170

]5680180

15680190

15680200

15680210

15680220

15680230

15680240

15680250

15680260

COMPUOOI

COMPUAA2

COMPUO03

COMPUO04

15681017

COMPUO05

C():4PU006

COM_U 007

CO_PLJ_8

CO_4PUOM9

CO_PLJAI_

CQ_PLI01]

C0vPU012

COMPU013

COMPUOI4

CAMPU015

C0_4PU016

C_MPU017
COMPU018

COMPU019

COMPUO2n

COMPU021

COMPU022

COMPU023

COMPU026

CA_,'PUO27

COMPU028

COMPU029

LOGi-'.H EED
C_[IFOF, NI_ COI_: _,Ny

C-]_8



412

415

416

417

418

10

]I

I]3

419

420

421

a25

8000

8001

330

3]0

314

IF (IS.LT.I GO TO 2

LT[VS: IS

IS=]

KFLG=2

IT=I

READ (11) IDO,CA[I),C_(I),CC(I),CD{I),CE(1),CF(I),CG(] ,01[I),

1 CI(1),CJ(I),LL(I),KNB(I},_'IS,DSSI(1),CLIt, Ilfl),QLIM2(I),OLIh',_(I),

2 QLI:<_( i ) ,GRIDS( 1 } , {BA{ 1 ,Y._ ,[_B{ I ,< ) ,5C( l,<I ,[_O( 1 ,<} ,BE( 1 ,K } _

3 BF(I,K),SO(i,Kl,SH(I,K),ZI(i,K),BJ(I,K},DBSI(I,K) ,K=I,NB)

IF (IDD.NE.LIEYS) GO TO 415

REWIND II

GO TO (416,417),KFLC

NGO=I

GO 10 41_

NGO=4

CALL GRID

IF {RIG_'.T-I,O) 10,119,11

WRITE (6,201) LTE_5

GO TO (4!!,2_ ,,<FLG

WRITE (6,202)

60 TO 770

GO TO (419,420),KFLG

NLD=I

60 To

_;LD=2

42_

CALL DIRECT

IF (NP) 425,425,B30

WRITE (6,8005) LTEI_S

FORMAT (18HO SURFACE NU_.CBF. R

Fu,-,"_v,_,_ _ ( ISH0 SURFACE NU'4L_E:{

CO TO (411,21,KFLG

IF {Lh_(_T)] 31_,3!3,312

DBSI ( I T, i }=0,0

GO TO 31z_

14,22_ _ WAS ,',lOT PLIT ON TAm5

[4,15{ .;AS .PU] G_,i TAPE I

COMPU 030

COt_PU033

CO5_PU034
COVmUO__K

C_vPL]r'? 6

COYPUZ03

CO,',!PU 003

COkPU040

CO_.IPU041

CO_._PU042

COVoU025

CO_-_PU 0 43

cn'.':,Uoa 4

Cr)_.'al.Jn 45

cr;vpu,q46

crlvPLJ047

]56_P, 600

15(,906!0

• ] _.6F,0620

156P')63q

156Zq6_n

] q68 65

156ROlea

156_0!06

] 568<_660

1_6RO6qq

15680121

15690122

156Z0126

1568m127

15680690

]56R0700

15680710

]_68q72C_

NR=K,]_(IT) 1569_v3_

VFRITE 18 ) LTE_4S,IIo,_Z,DEL],DEL2,CAIIT),CSIIT),CC(IT},Ct,(IT),C[(ITI565074T _

I ) ,CF(IT) ,CG(!T),CH(IT) ,CI ( IT),CJ( IT ) , (_A{ I T, I ) ,_P,( IT, I ! _RC(IT, I ) , 15680750

2 BD(I'[,!}',U_E(IX,I),UF(IT_L!,EG(.IT',I }',F:H(IT',II,_I(IT',I),:: J{ IT',I)'_ 155_'_76%

3 DBSI(IT,I),[:I,NL_),(X{!),'_(1),Z(I],[L(1),O'•_(1),Dh(I),L_I(I),T=I,HPI56SO} 0

41

WRITE (6,8001) LTE_tS

GO TO (411,2),KFLG

I01 lW=S

GO TO 5i

104 IH:-I

LTE_.IS= I l

IT=I

READ (5,204)

wRITE (6,204)

NBDD=2

MDEP:LL( I It

GO TO {BC,32_35) ,_'_'RE-P

30 DO 31 I=I,NP

Z(I):Y(I)

Y(1)=×(1)

31 coNTINUE

GO TO 35

32 DO 53 I:l,HP

Z(I}=Y(1)

33 CONT I ',IUE

LL(IT),_P,DSSI(II),(X(I],Y(1)

LL([T),C;P,DSSI(ITI,(X[I),Y(I

Img3072n

15660191

!5699132

156R11!9

156P112m

156R119_

156891]5

1568 a

156SI018

I_68115q

15681160

I_691170

1568118n

]56_1190

]5681200

15681210

1568]220

Im6Bl2_n

1_6R]24e

_qgPlYS,m

LOCKHEED
C-19



+..

TABLE C-I
]
r

35 NGO=2

REWIND I 1

37 READ (II) IDD,CAIII,CBII),CCII),CDII),CEII),CFII),CGIIi,'CH(i),

1 CII1),CJI1),LLI3),KNE',(1),NB,DSSI(3),CLIh_l{1),O, LIt42(1),(klH3II),

2 OLIN4( 1 ) ,GRIDS(1) , (BA(1,K) ,BB( 1,K} ,8C(1,K) _BD(1,K) ,BE(1,K) ,

3 BF(1,K),BG(],K),BH(1,,K),BI(1,,K),BJ(I,KI,DBSI (I_,K)_,K=I,NB/

IF (IDD.NE,LTEMS) GO TO 37

IF IKNB(I).GT.O) GO TO 82

81 KNB(ITI=O

GO TO 39

82 KNB(IT)=NB

39 CALL GRID

NLD=I

CALL DIRECT

IT=LTEMS

IF (NP) 38,38,50

38 WRITE (6,8003) LTEHS

8003 FOR>TAT (23H0 NO POINTS O[! SURFACE 14 )

GO lO 42

106 IH=I

GO TO ]19

50 NVP=2

CALL VO:,t_l

IF INVP) 42,42,2

42 IF (NOIS) 2,2,360

360 READ (5 ,271 ) (MIS( I ] ,I=I,NOIS)

WRITE {6,2711 (M!S(I),I=I,NOIS)

271 FOR!,IAT (7!10)

GO [0 2

51 NVP=I

CALL V P !'-,,',1T

IF (NVP) 42,42,44

44 DELSAT=DELI_DEL2

SU,"4 = 0.0

DO 53 !=!,NP.

SUM=SUv+VPST(I)

53 CONTIt!UE

WRIIE (6,261)DEL ] ,DEL2,DEL. IP,D£L2P

261 FOR_tAT ( 9H DELS 4520.81

VSb T= DE L S'tl--'+ 5 Jv

WRITE t6,205) IT, ;S,VSST

GO TO 120

]19 IS=IT

REW It'4D 8

56 READ [8 ) I @{"

IF (IDD) 60+60,5.'+

54 IF (IT-IDD) 55,(],56

60 wRITE (6,201) IT

GO TO 2

61 BACKSPACE 8

READ (8 I I T.NP,NB,OELt,DEL2_A,B+C,D,E,F,G,H_Q[,QJ, (BA (I, I ) ,

120

62

1568126q

15681270

COMPUZ48

CORDu049

COHDU050

COt4PU051

COMPU052

COMPU053

1568137a

156813ao

15681300

15681400

16681410

15681420

15680141

1568149O

15680142

15680143

15680]45

1568144_

156_145_

15681460

1_6_147A

15681480

15681500

15681510

15681019

15681520

156815_0

1568154n

1568155N

1568156n

15681570

15681580

15681590

15681600

15681610

15681.620

15681630

_%68164_

15681650

]56_1660

1_6816v_

156816,90

I_6816qa

15681700

15681710

15681720
1568173r,

15681740

15681750

I BB[I,I),BC(I,I),BD(I,I),BEII,I),BF(I,I),BG(I,I),SH(I,I},BI(I,II,I5681760

2 BJ(I,II,DBSI(i+[),I=I,NB),(X(II,Y(II,Z(1),DL(II,DM(1),DN(II, 15681770

3 DK(II_I=I,NP) 156817£_

DELSAT=DELI_DEL2 ]56817qp

SUM=O.O 1568180n

DO 62 I=I,NP 1_681£10
SU_I=SUM+SQRTIDL[I)_2+DM(II**2+DN(I)_*2 /DK(II 15681820

CONTINLIE 15681830

SAT:DE[_SAT_SLP4 15681840

WRITE (6,20611] ,SAT 15681850

-- LO C K I"-I E K L'_
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T_F,LE C-I

IF (IH} 2,222,2 IR6£!$6 '_
222 VFST=VSSI /SAT 1m6£] RV',

WRITE (6,208) I],IS,VFST 156£1880

GO TO 2 156.qI$-_0

200 FOR',IA T (SIln) ] %6r_1 oOq

201 FOFL.V, AT (16H0 SURFACE NO. I3,50H WAS NOT PdT ON TAPE,NO DEC*. PTS156S/9L0

1 WERE CALCULATED ) 15681020

202 FOP, I,IAT (62H,0 RIGHT,A FLAG SET IN GRID IS GREATER THAN' OqE WHA 1[)681930

] HODP[._! } ] r,F_R ] O40

204 FOR'CAT (2110, ]FlO. q/17FlO. 3) ) ]56PLO =''..... ,c
205 FOP,;.',AT ( 6HO S=IS,,2X,4H T=I3,2X,14H A(S)F(S,T)= E20.8) 15681060

208 FCRMAT ( 6H0 S=I3_2X,4H T=IB,2X,!l_I FIS,T)= E20.9 ) 15681970

206 FORMAT ( 6HO S=I3,2X,12h AREA IS)= E20.S) 15681980

210 FORt4AT (1_!::/1_:0 ) 15681r, 92

770 R[.TURq ] q 6 S 2 '_,',_

END ]q6S2010

$I_FTC VPANT L I ST, REF, DECK ,!,_94, XR7'

S<;BROUTIN[. VmAKT

DIMENSION CA(IO ),C_(10 ),CC(]C },CD(13 ),CE[]O ),CF(]O ) ,CC(10

1 CH{10 ),CI(10 ),CJ(IO ),SAIL0 ,5),5S[!0 ,6

2 BE(13 ,6),5.--(10 ,6),BG(10 ,&),BH(10 ,5),51

3 X[575) ,Y['375),2.(875l ,X.oI_75),YP_75),2['(37

4 DNP(£75),LL(10 ),KNS(]O ),OSS[(lO ),Ot!'!l

5 OkIt4_%(l,.h ),qtI:44_lO _,GRIDG:]q _ ..,T;_. 2, I110
D I i,IENS I OX DKo1875) ,OL(675) ,D'I{875 ) ,D_'( g /5)

i PSI(8_'5) _.HIS(10),T(STS},J(£75),V(9751,QO.{

C or,"40 N /[CO.',,'/

1 CG

2 BC

3 BI

4 Yp

5 Kt;?

6 GR_DS

7 DK

8 V

9 IP

1 NLD

2 A

3 G

4 DEL2

R E',,' I ,'_:) S

KCUNT=9

GO TO (l,f,),,',:V,:_

CA, CfR,

CH

6D

BJ

ZP

DSSI

Dn'.5 I

PH I

OO

IL

IU

B

H

DELI_

1 _Ea[_ [8 )IbU

IF (IDD) 17,17,1!

II IF (IT-IDD_ 12_13_]2

t2 IF (IS-! _,,-;) ],14,1

13 <OUHT:KOUNT+ I

_ACKSP_.CE P,

READ

CC • CD

CI , CJ

BE , %_

X , Y

DL o , DvD

_L I"! , qt.T'.'2

D<P , UL

PSI , '.!IS

VPST , NGO

IH , IT

rIFT , L'Si :<t'_

CI , Od

OELTP , <qDD

• PC(!0 ,5),[<D(]O ,6),

i< ,6),F!J(IC ,6] ,

) ,DL.D(9"zS),D:'P(975},

10 ) ,C.L I_',2(]C, ),

6)

O_I B /5) ,PHI (_7_) ,

75),

C[.

BA

BG

Z

" D_!P

OL. i"'._5

T

NDO

IS

,L_FP

F

q I GHT

t,'.V :_ , .XO I

VPST (:.t 75}

C_

BB

BH

XP

tt

CL ' "4

U

',,.D

NC

<P

F

DEL ]

,'it.- r:A,LTE_<S

{8 ) IT,NP,NB,DELI,DEL2,A,B,C,D,[,F,G,}{,QI ,9.J, ([",A( 1,1 ) ,

) t!5699930

155900a0

15690050

I=.680C.LO

]£6£Cn70

!S68n_R _

156800Jn

15680]00

!5680!_9

156_0157

1565<]6q

15C_0179

!q£_i'i:q

I=:52_! n^

156902r_q

156gO21q

156BO22n

15683230

156S92::_

!SSeOP:?

!56_r:242

l_,68qa_ _
]5£Ef:.';_

]c%SOAe_

156Rn%2q

]56_f) 540

8

14

1 BB(I,I),LC(I,I).99{I,.I),gF(].,I) ,!%{ CI,I) ,56(1,I),_;!(I,:] ,B[(!,I),Z[',Fr'.[2

2 BJ(I,I),DBSI(I,I),I=I,N[_),(X(I ),Y( I),Z(1),DL(I),DbI(I},DN(I], 156S9560

3 DKII),I:I,NPI 1568057_I

IF (IT-IS) 8,14,R 166SqS_r

IF (Kr)UNT-2) 1,6,16 1£_75 _

KOUqT:KOUNT+I 156_q600

BACKSPACE 8 15RBO61q
READ (8 )IS,NPP_NB,DELIP,DEL2P,A,B,C,D,E,F,G,H,Q!,OJ,(B_(I,I)I56£0620

I, BZ(I,I),BC(I,I),BD(I,I),_E(I,I),_F(I,II,SG(I,I),BH(I,[) ,_I (!,[),15680630

2 BJ(I,I),DBSIII,i),I:I,N[I),(XP( I ),YP(!),ZP(I ),DLP(1),D_!P I) , 156906aO

3 DNP(I),DKP(!),I:I,hPP} 156_0650

LOCKHEED
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t
../-,"

TANS C-Z

( CONI']-Sd_:',!> )

5

2

IF {KOUtIT-2 1,6,18 15680660

KoUNT=] 1_e, qn6vn

READ (8 }IDD 1558D680

IF {IDD} 17,!7,3 ]_6_qTcn

IF (IS-IDD} 2,4,2 156£O700

BACKSPACE 8 ]568071n

READ {8 }IS,NPP,FiB,DELIP,DEL2P,A,B,C,D,E,F,G,H,QI,QJ,{BA(],]I15580720

I, BB{I,I},BC{i,I_,BD{I,I},BE{I,I},BF{I,I},BG{I,I),BH{I,I} ,81Ii,I),15680730

2 BJ{1,I),DBSI{I,I),I=I,:S},(XP(I},YP{I},ZP{I),DLP(I},Df4P{I},

3 DNP{I),DKP(I),I=I,NPP}

6 CALL OXESS

IF (IH} 9,25,19

9 DO 21 I=I,NP

PIFST=VPST{I}*DK(I}/SQRT{E:L(I }_24D>I{I}_2+D_;{I}_2}

WRITE {6,50}I,IT,IS,PIFST,X(Ii,Y{I},Z{I}

21 coNTINUE

GO I0 25

]7 NVP=0

WRITE (6_5i}KOJNT_IT_IS

GO TO 25

18 WRIIE (6,52]

GO TO 25

19 wRITE (6,53}

50 FOR.'._T (SHO !=r_,RX,_

1_680740

15680750

15680760

1568077n

1568r}780

15680790

15680800

1q6£o81_

1_6Pn82_

15_?nR?n

1568_84q

156_q85 _

15690860

15_Sm87m

15580880

8=I?,2X,3H T-!B,3X,!]HP{I}F{S,T)-E20,£/ 15693390

51

16X,19r'iPOINT 0"4 S IS X{I}:E20.8,2X,5HY(I}=E20.B,2X,5HZ{I}=E20.9 } 15680900

FOR,'.tAT (t2H0 KO.JNT=I2,2X,3H S=I3,2X,RH T=I3,74H ;.,'HAT EVER KO1568.,q91O

1UNT EQUALS THATS HO...' r<A:IY 07 THESE SURFACES APPEAR ON TAPE } 15680920

52 FORe'AT {52HO KCUNT It', Vp.t?,'l IS GPE&]ER _H;di TWO VNA HODPEN ) 1568,O930

53 FORSAT {47H0 IH IS GREZTER T.!t,N ZERO I'q VPA_4T ROUTINE } 15680940

25 RE_UR_I 1E,680o, 5n

END 1568_5 a

$IBFTC C;,'E S S L I ST ,RE r-*, 9ECK, Y94, XF, 7

SURROUTiNE C'-'E S S

D!t.'ENSIO:,: C_{10 },CB{1 n },CC( 10 ),CD{IO },CEllO },CF{IO },CG{lO

1 CH(IO },CI(IO },CJ(IO },BA{]O ,6}..E_{10 ,6},BC{]O ,6),8D{10 ,6}_

2 BE{10 ,6},BF{13 ,6},BG:15 ,6},[_;I{10 ,6},9!'I0 ,6},SJ{10 ,6},

3 X{875} ,Y(875) ,Z{ bTS) ,XP{875) ,YD{875} ,ZPiB75} ,DLD{ 875} ,5;:@ { 875) ,

4 D_uPis75),LL_(10 },KNB{IO },DE, SIIIO },OL!MI{!O },OLIn/.2(]0 ),

5 QLIXZ{IG },CL '.':.(13 },O_'-S'S{!f; 1,2_51{IQ ,£,i
DIHLt481P.; D<N{6/r,),DL.(BfS},[!Y.{875},D;;{_,75} ,DK{8/5),PHI{8/Si ,

1 PSII875),':I.!{lf'].[{975),._{£7_} ,V{8-'5),_2.{875}_ VPS1 (875}

C/., CE,

CH

_D

£J

"ZP

DSSI

n?SI

PHI

CQ

It

IU

B

H

DELIP

CC

C[

eE

X

9LP

0LI'.11

DKP

PS!

VPST

IH
NFT

C

01

DFL2P

CD

CJ

_F
Y

D,- :L,

QL Iv.2

r- L

v]rs

NG'2

II
t,IS I G',IA

D

Q.;

N£DD

CE , CF

_A , BB

_G , RH
Z , XP

D;_P , LL

CLI'13 , QL I ,'.14

Dq , DX

T , U

TR , NC
LgP , KP

E , F

RIGHT _ DELl

. N VP, _40 I S, .'4 F L A G ,. t TEHR

C O X.'.:O>! / E C 0i'-i/

l , CO

2 , SC
3 , gl

4 , YP

5 , KNB

6 , GRIDS

7 , DK

8 • V

9 , IP

1 , NLD

2 • A

3 , G

4 , DEL2

200 FOR>IAT {7110}

201

] *

2O2

1_6£_82 _

156_3n30

15680040

1568('050

15680060

15680070

156900_¢

1568C0C_

156q2]100

15680130

]568014n

1568_15h

15680160

15680170

15680180

1568qI_9

1568n2_Q

15680210

]96_8228

15680230

156802a0

15660250

]5680260

lm68q45_

FCRLAT {62H0 NO INTERFERING SURFACES APPEAR 011 TAPE FOR SURFAC156£Oa60

]ENOS. 13, 6H AND 13 ) lq6{qo47 n
FORMAT {33HO N'3. OF I";1ERFERING SURFACES= I3,3X,BqH NO. OF- IhTERI5680880

1FERING SURFACES ASKED FOR: I3,3X,21HBET'..;EE_' SURFACE NOS. 13,3X, 15680490

2 4HAND I3 l 1568nSnn

LOCKHEED
c_L _r--.,, C':'_ .=,,
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l_k_. Z1 --.%_,__L,'_,C-I

2O6

210

18

4

7

40

42

45

47

48

_0

4

9

!!

12

13

16

17

19

2

2O

2i

FORMAT (6H VA--. E20.8 /5H T=I2,2X,11H AREA
FOR:4AT (5H S= I3,3X,2ttT=I3,5X,60HF(S,T) WITH

FA(E NCS. 1015

REWIND l]

KL;.,=0

KP=O

VA=O.O

PI=3.14159265

DELSAS=DEL1P_DEL2P

IF (NOIS) 6,6,18

RFAD {5 ,200) {'.]IS( I ) , I :I,NOIS)

WRITE (6,210} IT, ]S, (M[S( [ I , [=I,_<OIS }

GO TO 6

Sbv=O.O

DO 7 J=I,_'._P

SUt.',=SUt4+OQ (J) IDKP (J)

C0;;7 I ',IUE

VPSI (KP)=DELSt, S _'SU 'x/(nI _DK(K r_)l

IF (XTt :,_) _q,sO,Ln

DAI =DELl _DEL 2_SCR'i ( bL (KP) _,-_2 +D v ( KP ) < _2+D!;i <P ) _<2 ) /[;,t ( <p )

DO 45 J=! _.'._:"

IF (QQ(J)) 45,45,42

D;_S=DZLSAS _-SCRTIDLpIJ)_2+_>'ptJ)_24U:;_*(J] >_2)/D_LplJ)

VA:VA _ DA T _DA =%

C.3.'d ] ; _,,L E

IF _KP-NP) 50,47,_7

SA=O.Q

DO 4P J=l ,?';PP

SA=SA-_SDR 1 ( DLP ( J l _-_2 +D'4P (J 1 _ 2+C..XF ( J )-'_-_ 2 I ID<P ( J l

CO_i T I _L'..'E

S-', = SA'_D E L. Sit S

';;RITE ( 5 _ 2_%)Vt., ] S, S:.;,

C,"':7 I Lt;E

IF {KP--t, IP) 6,28,28

KP:KP+I

DO 13 J=I,NPD

T[J):XP(J)-X(KD1

U(JI:Y? (JI-Y(K :_l

V(J}=ZP(jI-ZIKr)

R:CL(K D)'_T[JI+D,',I[KP] "UI.I)4D.';[KP)tV(J]

IF (R) Ii,ii,9

RP': -(OLT'(J) -_ i[ JI+D',I: _(J)_U( J)+D ;'_(d) ":V(J) )

IF (k'_} 11,I_,12

QC_(JI =r3.C

63' lO 1

W: ( T ( J }_x T ( J ) +d ( J ) _%_( J ),' V ( J } _V[ J } ) :'+'>2

C_ ( .I I --- (p-x _r ) IL';

COL f I ,',,,:_"

IF IN©iS) 4,4,16

[F [<[_,.t) 1V,17,2(,

r:E,',::, ( 11 I i,?,9

IF [IDr_] 23,20,19

DO 2 [=!,':OlS

IF [t4ISII)-IOD) 2,5,2

CONT I'*;UE

GO TO i 7

IF (KL_',',} 21,21,22

V/R; 1E 15,201)IT,!S

NCIS =0

REwI_'D 11

GO f O 4

(TI= E20.8) 15680510
,, r -pc -r_r:_tr-c _yI,,,E,,, [,_ .... 5UR1568.9520

]86R1351

156_¢56 _,

]56_m57_

15680[50

1568,_5_0

1568060<

156806]0

]568_62c

15680630

]56q_6_9

]56Sn65_

1568066 #

]5690670

156806£O

156ROTnS

15689V10

156_D73q

155S0749

156_0750

1568077r_

!_A_r, Tm_

15689203

1_6?97]o

156£982".
;-,pmP_m

1%_c-q49

15690950

l_6PqR6_

Im6qnSVm

156808B5

1568r, Ss_

1_<6_-,82 -,

1_68r;o3:

]£Tq-c&_

lK6q.%o_,n

1%6B0970

1558qc?_

15660¢00

1568100 m

l_6qlnl,"

l_6Sln2n

15681039

15681_4 _

1568]05£

]%6q!o_

15691070

156810£0

15681000

lq6Pll@n

l_nllln

1558112_

LOC,_t I-t E E D

....
C-23



_. -m -1,I _Lq _:: C-!

( co_,T.':r :rJ:_',r;)

BACKSPACE 11 ]568!13n
KU4=KL"4+I 15681 ] 4 C

READ (11) IDD,CA(KLI.':),C_B(KLV,),£C(KL.',I),CD(KL.'.I).,(EIKL_,!),CF(.<L;.I), 1568001

1 CG(KU.I)_CH(K.Lt4),CI (<Lt,',i._CJ(KLr4),LL(<L_4] _<_;[;(LL.21,_,:[I.,DSSI[KL_,tI_ 1568002

2 QLIt41(1)',QLI_-I2{1),QLI>lB(1),,OLIt!,'_(] ).,GRIDS(I)_(q,'_(KL'-i,!),F_(KLV_,I)1568003

3,BC(KL_I,I ),BD(KL;.I,I },BE(KLV,,[ ),F_F(KL',I,I ) ,F_G(KL'*!, I ) ,[JHCKI__,i,I ) , 1568005

4 B I (KLM, I ) , B J( KLr.I,, I )., D.qS I { KL,, I ) , f =1 ,_,:P_)

IF (KL;.I-_'ICIS} 17,26,22

22 IF (KU.t-NOIS) 25,25,25

25 ','.'RITE 6,202 ) KI_M,J'IOI S, I T, I S

26 DO 30 =I,KL;.I

A=CA( I

B=CB( I

C=CC ( I

D=CD(I

E=CE ( I

F:CF ( I

G=CG( I

H=CH( I

QI=CI{ )

Q J= CJ ( )

NSIG'4A=I

NBDD=KNB(I)

CALL _,iT EST

_,O CONT I_IUE

GO TO 4

28 RETURN

END

15680o6
1568120q

15681210

1568122n

15681230

]56812L_m

1_6812_ m

]uGg126n

]m_,q!PTm

1_6812q_

15681300

18681310

156_1320

15681330

lqgqlq4_

156£135D

Im681%hn

15681370

156813#0

156813_

15681400

$IBFTC GRID LIST,REF,DECK,Mgq,XR7

SUBROUTINE GRID ]5680020
DIt.IENSIOt._ CA(10 ),CB(IO },CC(IO },CD(10 );CE(IO ),CF(10 },CG(10 ),15680030

1 CH(IO )_CI(lO ),CJ(10 },BA(10 ,6),E_!(IO ,6),[_C(10 ,6},BD(IO ,6), 15680040

2 BE(IO ,6},8F(I0 ,6),BG(10 ,6),9H(I0 ,6),SI(!O ,6)_BO(lO ,6), ]5680050

3 X(875),YI875},Z(875],XPI875),YPI875),ZPIS75),DLP(875),DP4P(875), 15680060

4 DNP(875)_LL(10 ),KNB(IO },DSSI (10 ),OLIMI(10 }_QLIN2(IO ), 15680070

5 QtIP, 3(10 },cJLIM4(10 I,GRiDS(IO )

DI!4E_,ISIO_, DKm(875) ,DL(875),D.'.I(875

1 PSI (875) ,MIS( ]O} ,T(875) ,U(875} ,V

C 0;,i_,',0 N / E C0,',I / CA, CB, CC

, CH C I

, BO bE

• BJ X

_. ZP DLP

., DSSI CL ['.I 1
, D[!SI DKP

• PHI PSI

QQ VPST

IL [H

IU NFT

B C

H OI

DELIP DEL2P

I., qGO

1

2

3

5

6

7

8

9

1

2

3 ,

GO TO

It:O

IP:IT

GO TO

It=-I

IP=IT

GO TO

IL=I

IP=IS

, CG

, BC

, BI

• YP

, GRIDS

DK

V

IP

NLD

A

G

DEL2

(I,2,3,4,7

DF_SI(I0 ,6}

,DC{(S75),DK(875),PHI(875)

875) ,0Q(875) ,

CD CE

CJ BA

BF BG

v Z

D;.',P DI'4P

CL I_.'2 QL I_,'3

DL_ D_4

Ul S T

_;GO NDO

IT .IS

t,'.S l G_'4A NPP

D E

OJ RIGHT
N BDLb

VPST(875

CF

83

BH

XP

LL

OLIM4

DN

U

NP

NC

KP

F

DELl

NVP,NOIS,NAREAtLTEMS

15680080

15680000

15680100

1568O13O

156S0149

!568015m

15680160

15680170

15680180

15680190

1568Q2_O

1558021n

1668022n

156802_0

15680240

15(,80250

15680260

15680410

15680430

1568_44 _

15680450

I£GRA46A

1_6R047_

1569049Q

LOCKHEED
C-2[_



TAF,LE C-).

GO TO 5 l_,6qQSnn
4 IL:2 :" ]568"35]_

IP=IS 1_689520
5 CALL POIttT 1E68n530

GO TO ? 1568r540

6 NP=NP lq68QmBm

7 KDEP=LL(IP) 1568n56m

GO TO ( 12,13,I4),WDFP ]q6gOBvP

12 NOr_= 1 156Rr_5o _

GO TO 16 1568059(';

13 NDO:2 ]s680600

GO To 16 15690610

14 NDO=3 15680620

16 CALL DEPVAR 1%f gr, 63"

NC=NC ln6_OC4m,

IF (NC-I) 20,8,24 ]568065'_

20 WRITE (6,200) 15680669

200 FOR[<_] [3&H NC IS LESS -[Ht.N O_F WH& !{OF'PEN ) ]56S,767Q

CALL EXI T, 15680(90

STOP 1568065'9

8 I L=I L+2 ] E6Rn7qm

60 To (30,31,32,33_34),!L I_6807]_,

30 "qC:6 1568_720

GO T< 23 15,6£_73P

_'31 NC:5 ] r_6onvz, n

60 70 23 I56RP75m

32 NC=8 15680769

GO TO 23 ]5690779

33 NC=7 ]56o079P

OO TO 2Z ]_69"_7"J_9

3L '*','F 7 = 2 ] = 6F: -,R'_m

23 RIGHT:I.O !_6Q?_l,m

G_ TO 2"_ lr,_q_n2n

24 PIGHT:0,0 156_'_fi3n

25 RETURN 15680840

E._:D 1568n85n

$1BFTC POINT LIST ,REF, DEC< ,t<94 ,;,'R7

SUBROUT I':F_ P'_ i %T 1

DIL/ENSIO"_ CA[10 ),CB(10 ),C(:(10 ),CD(IO ),CE(!O ),CF(10 ),CG(!q },'i

1 O',(lC ),C[(10 ),CO{13 ),!_:{i(; ,6),CG(]3 _6),SCI I0 ,5}_FP(Z0 ,A),

2 _35(IO ,,63,0F{15 ,6), O<iC ,i},%_:(l:, ,6} _}:i'.!O ,6),5J(1< ,6) ,

3 X(875) ,Y(675} ,Z{ 875} ,XP(675) ,vp(375) ,ZP(975) ,DL_r>(S75) ,D;':P{_75) ,

4 _'hP(875),LL(10 ),KX::(1C ),9"25I(!0 ),OL[.'<][10 },QLIt.'2(1C I,

5 CLI_.t3tiO ),GLI_.I4t!: ),GP, i/:Stl0 ),_£51(10 _6)

D I,'.:E,"_S I E:N L'KL'_( 87_ ; ,0_(8751 ,051(875) ,D':(37[,) ,D<(875) ,,PHI (875) ,

i PSI (875) ,_,IIS(lO) ,T{875) ,U { _75) ,'v'{575 ) ,_( 875 } , VRST(375)

CC;.IYO;i / ECoLI/ CA

1

2

3

4

5

6

7

8

9

1

2

3

4

I=O

, {P,

CG C_I

BC BD

BI Bd

yp ZD

,LIND DSS I

GRIDS DRSI

DK PHI

V O,Q

IP It

NLD It'

A B

G H

DEL2 DEL]P

CC

, C!

, F F:

, X

, DLP

, OLlVl

, DKP

, PSI

, V ::'S T

, NFT

C

, QI

, D_L 2P

C_

CJ

Y

D'.'P
OL I v,,2

DL

,".II S

_':Gq

IT

N S I GMA

D

OJ

NBDD

CE

B:,

R G

Z

gN D
CL 1,,'3

D ",1

T

Nor'

IS.

NPP

E

RIGHT

CF

BH

Xm

LL

_L I },14

U

ND

NC

KP

F

DELl

I"VP • _iO I S, NA R CA, L T E',!S

q6on_2_

568'3030

116£-T'40

i=5?_C51

1568hC60

156810"0

15560080

15680C;q9

1.5680199

]%680]30

]B6gQ1L_

156S015P

]S680160

15680170

15680]89

15680190

15680200

15680220

15680230

156802qn

15680250

15680260

15680410

L_

!

LOOKHEED
C-25



f

10

12

20

28

22

30

TA__}LE C-!

,..,C)_,T; !_,,LL],

IR=LL(IP)

IF (Gr-_IDS(IP .LT. 2,0 ) GO

IF {OLIM2(IP .6T. QLIM] (IP

STLM2 = QLItZ2(IP)

OLIMP(IP) = _LIM](IP)

QLIMI(IP) = STLM2

IF (QLIM,4(IP) .GT. QLIM3(IP

STLt,'2 = QLIM4(IP)

QLIM4(iP} = QLI;.13(IP)

OLIM3(IP) = STLM2

I=I+1

GO TO ( 2,4,6), IR

DELY=(QLI;.'.2( IP]-QLI_.'I(IP) )/GRIDS(IP)

DELZ=IQLIMQ( IP)-QLIV, 3(IP))/GRIDS{IP)

QLIVI(IP)=CLI_!I(I;'}4DELY/2.0

QLIMB(IP)=CL!_.'..%( IP)+DELZ/2.0

Y(I )=QLIMI(ID)

Z( I )=QL IM3( i D ]

DELI=DELY

DEL2=DELZ

I=I+l

Y[ I )=Y( I--i ]+DELY

Z(I )=CL]_+*3_ TD)

CV.AX=A'.IAX](Y(1),OI_IM2(IP))

IF (Q!4AX-OLIV2IID)) I0,8,10

QLIM3(IP)=QLI!.!3(IP)+DELZ

QMA×=A!KAXI(QLIt.'3(IP),QLIHZ,(!P})

IF (Q.v.AX-QLI'.'4([P)) 40,12;.40

I=I+]

Y(1)=OLIMI(I_-)

Z( I ) =C.L I,','.3(IF')

GO TO 8

DELX=(OLIM2C IP)-CL:'!1(IP) )IO:_IDS(IP)

DEL. Z= { ©L.] t,'.4{ ] D)-.CL i'._3{ ]P) ) IGqlDS{ IP)

OLI;.IICIF)=QLI'.II;I':')4DELXI2,0

QLI_.t3(IPI=QL]>',3( IP]-_DELZI2,0

X( I )=_;L Iv! { I -'-')

Z( I )=QLIc.!3(I -z')

DELI=D=LX

D£LZ=DELZ

I=I+l

X( I )=X( I-I ) +_F-LX

Z(1)=CLIM3(Ir')

Q:-'.AX=A'-IAX 1 (x( I ) ,C[ Iv.2(IF;) )

IF {Q'4AX-QLIt.'2IIP)) 28,20,28

CL !:t3 (IP) =CL. I_!5 ( IF'] 4/DE[ Z

C_.;AX=A_,'.AXI(CL It.t3([mI,QL['.':_(IP )

IF (QMAX-QLI:-!4(IP)) 40,22,40

I=I+l

X(I)=OLI'41(IP)

Z{ I }=OLI,',C3(IP)

GO TO 20

DELX=(QLIM2( IP)-QLIMI(IP) )/GRIDS(IP)

DELY=ICL lb'4{ IF>)-OL I'J3{IP))/GRIDS{IP)

QL [ ",Ii ( I P ) =QL IM l { I F:'] +DELX/2,0

QL It."3 ( IPl =QLIM3 ( [ P ) +DELY/2.0

X( I )-OL I.,',_I (IP)

Y( I }=QL I!t3 (IP)

DELI=F'ELX

DEL2=DELY

I=I+1

TO 40

) GO TO 1

I GO IO 3

1568042n

1568n4?m

1568044m

15680450

15680460

lq68n470

15680a89

]_6SnaeO

15680£n_

]56ao5]n

1568_52e

155o_5%n

156£0540

!_6895_

]5680560

15680_7_

15680580

1568050_

156806$0

]5680610

1568062 _

15680539

15680649

15680650

t568066_

15680570

15680680

I_6806o0

15680700

!_5£0710

15680720

15680730

1_6807&_

15680750

15580760

15680770

15680780

15680790

15680890

l_6aOSln

1568_82o

15680830

1568n8a_

15580850

15690850

15680870

15680880

1_680R_n

15680900

15680nln

15680o2o

15680930

LOCKHEED
0-26



TATqLEC-1

XlI )=X(I-1)+D,'ZLX
Y(I)=OL[:.13(I;']

Q_.;AX=Ar,IAX 1 ( X ( I ) ,.Or_ I'.12 ( I P } )

IF (©}4AX-CL['/2(IP) ) 38,,,30,,38

38 OL ['45 ( I P ) =GL !',!3 ( I P ) +DELY

Qt4AX=At.iAX ] (OLIt,13 (IP) , Q[. I;.IL_ (:p) )

IF (O_.:AX-QLI:.!4(IP)I 40_32,/,-0

32 l=I+]

X( I ) =QL It4 I ( I .")

Y(1)=OLIV3(fr)

GO i'o 30

40 NP=]

R ETUP'_I

F _*.',D

$iBFTC DIRECT L I ST ,LEF,DECK_'94, XR7

SUBROUTINE DIPECT

DI!.IENS[O"' CA(10 ),C_(10 ],CC(.IO

1 CH(!O ),£I(]0 ),CJ(1O ),5L(!3

rC),CD("A_ );_(10 ),CF(IO ) ,CG(]O ),1

,6),5:P(]O ,6),£C(10 ,6),E:D(lO ,6), 1

]5680o4a

15680s55

15680960

15690970

15ASOe£O

!5580990

]5681000

15681010

]5681030

]568104_

]B681n5r_

]_68]mg_

]56q]PT_

15680_29

5680030

56_0040

5

l

2

3

4

20

21

22

25

2

3

4

5 QLI'<3(13 ),3LI:14(!? ;,.'qq153(lC },DSiz[!q

OI.'ii:i,SiC;.',; b_P(875) ,[ L(575) ,[!'!(875) ,b:(_7:-_}

! PSi(87£),"!S(l?l,,lt£/Sl,:!t_75),7 :: 7! _,.qS{

C @: !...,d;'; �::CO.',� C ,_ ', C[_, CC '_-_-t.'

BE(IO ,6),BF(IO ,6),_}0(I0 ,6),RH(10 ,S],R!(Io ,6),BJ(]O ,,r) , ]

X(875),Yf275),Z(_75) ,XP(875),YS(SvS},ZP(875) _D'. P(O75),D'-:P(.q75), . 1

DXP(gTSI,LL(10 ),v;r(]C ),DSSI(_: _ ) • ,,,._,,_ I.,2, ),9[- *''_.:<('_ ] ,

, CH

, BD

, BJ

, ZD

, DSSI

, Dr_'.S !

, PHI

CO

IL

IU

B

H

D£L!P

CI CJ

R:-7 9r
X Y

DL _ ['.'p

QL I,.'l QL [r.12

?Ke r_L

PSI '.]IS

VPST _!6c

IH ,']

_'.FT NSIGS'A

C D

.O[ OJ

I)ELPP ;:SDD

6}

0<(875) ,;fHI ( 875] ,

,_?5),

._-L

,q/'_

BG

Z

F)t; m

OL It-t3

r_ _.,

T

XDO

IS

NDP

F

P IGH7

VpcT(875]

CF

B£

BH

XP

LL

QL ! t.14

0 v.

U

t', P

t:1

< P

F

rF:Lt

NVP ,t;O] 3, ';.',:- E A, L 7 Et.'S

1 CO

2 BC

Z BI

4 YP

5 KXB

6 ..'.RIDS

7 D<

8 V ,

9 I D ,

! '4LD ,

2 .A ,

3 G ,

4 DEL2 ,

_ILD=t,iLD

IF (L :_'} !l,!l,"

GO ]O [l.2,-,?,_3,11),X:.D

IU=[T

LW=0

GC TO %

IV=IS

L ,...:= i

_',S I G'.!A = O

DO 4 I=I,',:P
DL( I }= (CA( IU)_ X( I ) 4.CD( Id)<'f( i 1_ CE(iL.') _fi( I ) '_,CS CIU} ) _Dq'._,[ C IU)

0:4( I)=(CD( IU)_X( I )+CS( I'.J)_:Y(I)+CF( t'.J)_Z( i)÷C,qC IU) )¢DS.q[ (IU)

DN( I)=(CEC :U)_X( I )_CF( t, _)_''CI ;+CCC!tl)':7( I)4CI (IU) )_:"$5[ (IU)

CON T INUE

KDFP=LL(IU)

GO TO (20,2!,22) ,KEEP

f/F7=i

GO TO 25

NF7 =3

GO TO 25

NFT=%

CALL FTEST

NLD=NLD

568e050

_68Tf'&_

5&89070

]568"s_

15680093

15680100

156501 n__J

156801zP

]£GOelr, O

I_,680160

1568_ _T_

1568018?

_2001_6c_

1568f2]_

15_E,2220

]_6_c24 _

15680250

1568?26 _

c , ,: [; 0 :, _,,._

15 E _ '7 ¢- :* C

156 {; ,q :, 7 "'

15680520

156£25_0

156_n_S,q
15680569

156R_57_

1568058_7

I%68n5_

1568_6_ _

1568_62_

]_6R_63O

LOCKI4EED C'-27



f
j_f

8

3O

9

31

10

32

11

$1BFT

_i,-el _±'A LJ C-I

(C 0_';:_' IF '_D

600

602

603

]

2

3

3O3

304

5

GO TO (I,2,8,9,10,11),NL0

DO 30 I:I,NP

DK(I)=ABS(DL(I))

CONTINUE

GO ;0 11

DO 31 I=I,NP

DK( I)=ABS(D',4(I ))

• COCiT I NUE

GO TO 11

DO 32 I:I,t¢D

OK(1)=ABS(DN(1))

COroT I ,_!UE

RETUR_I

EI_!D

C DFPVAR LIST,REF,DECK,M94,XR7

SUBF,'OUTIt4E DEPVAR

DI,"'_EP_SI$>;.C_(10 ),CBI] 0 ),CEllO ),CD(i0 ),CEllO ),CF(!o ),CG(IO

I CH(IO ),CI(IO ),CJ(Io ),[_A{]0 ,6),BE!(10 ,6),[K(]0 ,6),8fl(10 ,6),

2 BE(in_ ,6),BF(10 ,A),_r.,_n___,__ ,F'),7l(10_ ,£_),g[(]",_, ,_,),BJI]O. ,6) ,

3 X(875) ,Y(875) ,Z(875) ,XP(S75) _YP(875) ,JP(875) ,[%,LIP(875) ,D'"P (875) ,

4 D:iP(°]'5),LL{IG_, ),Kt<9'IO. _,r,.'.cr(_.,,. _ .... _ ),OL!'_!(10 ),r,_ ...._2(!n.. },

5 QLI>;3(IO ),DLI,V,4(IO ),G2!Oc(!C },OPS! (10 ,6)

D I ;,1[;;S I G;; GI. _..... ('875 ) , DL, ._- <,[I_ l --' ' ) --W ....,_C,,_)" _ _ ,. , .,r'''t e 7 9 ) 9 h ." ( C -?q _ _ rH_ I / C 7 k _ .

1 PSI (875) ,>:IS(I0) , ] (875) ,U(S75) ,'.,(875) ,C9( 875 ) ,

COMMON /ECOM/

] , CG

2 , BC

3 , BI

4 , yD

5 , KF$

6 , GRIDS

7 , DK

8 , V

9 , IP

i , NLD

2 , A "

3 , G

4 , DEL2

_IPP:O

CA, CB,

CH

BD

£J

ZP

DSSI

OBS!

PHI

QQ

IL

,- IU

, B

, H

, DEL lP

CC , CD

CI , CJ

BE , Rg

X , Y

DLP , D_-:P

Ot I _._1 , Q[. I '.!2

DKP , Ci

PSI '.'IS

VPST }_iGO

IH I T

N F T N S I G t,1,_

E D

91 OJ

DEL2P NBDD

• CE

BA

BG

Z

D ,',<D

OE .T_.'3

D M

T

,_,iD D

IS

NPP

R IGFT

,",;VP, NOI S,Hr, REA, LTEM5

z
15680640

15680650

]568066n

1568067n

15680680

156806q0

]56807o0

]5680710

15680720

15680730

15680740

15680750

]q6£n76n

]568077h

15680020

),15680030

15680040

15680050

156g0060

156800v0

15680080

15680090

VPST(875) 15680100

CF 15680130

BZ ]5680140

BH ]5680155

XO 15680160

tt 15680170

0L[_14 15680180

DN 15680190

U 1569020_

NP 15680210

NC 15680220

KP 15680230

F 1568024n

, Dc[_1 1568025n

15680260

lqARn4lm

1568042(;

15680430

1568044_

15680450

15680460

]_6_nVn

15680480

1569940_

15680500

156_0510

15690520

I%6805_q

I_680540

15680550 -

]5480560

1568057_

]568058n

15680590

15680600

l)_2+CJ(lP)+2.0_156806!O

15680620

1_68063n

IF (hiBDD) 600,653,602

NFL AG:I

GO TO 603

NFt A,S=2

GO To (1,IC, I,201},ND0

DO 2 [=] ,_-

PSI ( I}=CO(IP)<Y( I)+CE( IP)'_'Z{ I )_CG(!P)

C C)_,CT I _!UE

IF: (CA(IP)) 5,3_5

DO 303 l=l,_iP

IF (PSl(l)) 303,14,303

cONT I":UE

DO 304 I=I,NP

X( I ):-(CB( IPl_Y( I ) __2+CC( IPI'_Z ( I )_'2.2.0_(CF( IP )*Y( I I_Z( I ) +CH IP)

I *Y( I )+Cl (IP) _Z( I ) )+CJ(IP) )/( 2.0_P8! ( ! ) )

CON] I ,',; U E

GO To ] I

J=O

DO 306 l:l,tlP

TER:(PSI(1)*_-2-CA(IP)*ICB(Ip) *Y(1)_*2+CC(IP) _Z

1 (CF( IP)_Y( I ) x-Z{ I )+C,_',C Ip)_y[ I ) <I ( Ip)_z{ I ) } ) )

IF (TFR) 605,7,8

LOCKHEED
CAL F'DRN,A C p' .._..
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,._J.,_ C--Z

(CO 'TPIFO2D)

605 GO TO {336_C'PS),;IUL-_.G 15,>..J_;,"
606 WRITE (6,900} Y( 1 } ,Z{-t } ,LTEVS 15652650

900 FOP.:AI" (1OH [;Of,h] Y=E20.8,2:.:,2HZ=E23.9,20tl IS ;'iOT 0,i r _,_r 13}S.,:,, , _._ 156_0660

GO 10 306 156£('670

8 P_!III)=SCRT{TE:RI 15_-,69f,

GO TO g ]_6_O(-flO

7 X( I)=-PSI { I l/CA{ IP} 15660700

GO TO 10 l_.,'SqOTln

9 X( I)=(PHI ( I)-PSI{ I } )/CA(IP) -156ff0720

N_P:P,P t_-_I 1%6_ r_7"_ P,

XP{tIPP}={-PHI { I )_pc,, { I } )/CA(IP} 1 _68 .... z.O

YP(f,_PP)=Y( I I ]56507:_

ZP{HPDI=Z( I } 156g07A0

iO J=J+i 15887?72

X {J}=X{ I } 1=( _P_ _

Y(J}=Y{ I } I_69,_70n

Z(J}:Z{ I ) ] r, B9 PF'mm

306 COKT I,'4UT ]flSq_£lm

NP=J .156BCg23

IF (NPP} 402,6.72,/,03 1566:_837:

400 DO L0] I = 1 ,'l, pp 156S ? £,t_ ?,

X ( ,',40 } =XP { I } I r 6 q _'_ ("_

'_' ( I"_ # ) = j'p ( i ] 1 =,(> 3 P £ 7.,q

Z ( _; .'.'_) =ZP ( I } 156506 _ r_

401 CONTINUE 156908":'- _

402 PP=:4_ 156£r,_fiP

II J=NP IE650910

NOB=KNB { IP } 1565092,3

IF {','q,5} 13,13,& 15_?,QC3 _

4 DO 308, I=I,NOB 1569r, fft_:'

('io .--J ] =,6, c _,q _ P,

J:O 156:',- nO?

THETA= ( BA( IP, I }_X(JIQ) ¢,<2+SB{ IP, I }*Y{ J'_ }_2_ SC ( [P, I }'>Z{ 30} *_2 15680980

+.,O{ I P- I } _ JO _-:_ .... _9"_01 +BJ{IP,i )+2.0_((EL:(IP,I)_Y(JO}*U.E{IP,I}*Z{JD) _" , ) X{ } '=&S ....

2 4{'_={ IP,I}*Z(JG}+['I(ID,I}}<'f{J_]=aI( IP,I}_Z(JD}},^',', o] (IP,I) 15681.000

IF- {T,wETA) 608,608,320 ]5681810

608 GO TO {3CS,SID},XFLAG ]_F:t',2 ''':t m

610 k'K I TE ( 6,9"32 } X ( J": } , Y ( _!2 } ,Z ( P': } , LTZ"S 15,.', 3 i O._ ,_

902 FCR;4AT {ISH POI,';T X:£ _" _ 2X,ZHk:E2r_.P,_2X_2_iZ=E20._,2RH IS 'IOl O155-''q:. _

IN 5J_FACE 13} I5_ql_[._

GO TO 308 l_,_]r. -'_

320 J=J+] ]E,L: IOTq

X{J}:X(JO} I_5 ''_ 96 '_

Y(J}=Y{JD} 155!1PC9

ZIJ}:Z(JQ} 1%F,:' l_"

308 CO,_LT I NUE 156_111_

t'4P : J 15 (- ':: 1 ] 20

13 IF {NP} 612,612',611 15efLl3O

612 '¢,Ip,ITE (6,904} LTEMS 156811z,0

9CZ_ FORT'tAT (25H 1'40 POINTS O,_{ SURFACE 13 } 1568L150

611 NC:I 156;_1160

. 6_ ....12 RETURN 15 _I-_

lZ_ I:l ]56711,_C

IL:IL+2 156£I 1 nm

GO TO I19_18,15,16,17},1L 156812_q

15 WRITE { 6,500 } tTE,_4S 15681210

500 FORMAT {12H SA 13,5H= NOP ) 15681220

NC=4 15681230

GO To 12 1R65124G

i,/

LOCKHEED C-29



TABT,E C- l

( CO,,,J.It,TO_,O)

16 WRIIE (6,502) IP, 11 ,IP,IT,I S,IP

502 FORMAT (12H VS 13,2X,13,4[I ,VP I3,2X,IB,6H K_ VS 13,2X_

1 13,10H = NOP - P )

GO TO 20
17 WRITE (6,504) IP,. I T, IP, II , IS, [P., IS, IP, I

50'+ FOR_4,:,T (10H VS 13,2X,I3,5H , VP 13,2X,13, 6H K, VS 13,2X,

1 13,5H , VP 13,2X,13,2X,I3,14H = NOL - P - O )

GO lO 20

18 WRITE (6,506) IS, IP, IP..IT_ [P_ I T

506 FORI',A7 {12H VS 13,2X,13,5_I , VS 13,2X,13,5lI , VP 13,2X,

19
+

508 VP 15,2X,13,2X,13,12H = NOP - P,O )

20

510

511

101

22

102

103

23

104

24

105

62C

622

910

I08

107

109

25

26

404

I 13,14H K , = NOP - P }

NO=2

GO IO ]2

WRITE (6,508)15,IP,I

FORI'.;AT (IZH

NC=3

GO TO 12

IF (IH) 510,511,512

_._'C= 6

GO TO 12

NC=5

GD TO 12

DO 22 I=I,NP

P51 ( I )=CD(IP_*X( I |4OF ( [P)*Z I)+CH(IP)

CONT I _IL; F.

IF (CB(IP}) 105,103,105

DO 23 I=I,NP

IF (PSi(1)) 23,]4,23

CONTINUE-

DO 24 I=!,NP

Y(1)=-{CA{IP}*X(I _:_242C(IP xZ(1)_-_2-_CJ(

i +C6(IP)*X(1)+CI IP)_Z(I}) /(2.0*PSi[I)

CORT I _:L:E

GO TO ] 1

J=0

DO 26 I=I, "_

TER=(PSI( [)_<2-CB IP ) _, (CA( t P)*X( i ) _ 2"_CC

1 (CE(IP) _X( I)_Z( )'_CO(IF') "xX( I } -If I ( I P)-xZ

IF (TER) 62C,!0v,1 "q

GO TO (26,622),t',FL/tO

t'.PITE (6,912.)X(I),Z(I),LTF_.'S

FORMAT (!0ri P©TNI x=E20.8,2×,2HZ-E2C.B,29H

GO TO 25

PHI ( I )=SORT(TER)

GO TO ]C9

Y( I)=-PS2 (I)/C,q( IP}

GO TO 25

Y( I)=(PHI (1)-PSI (I))/CB(IP)

Npp=h, pp r 1

XP(NPP):X( 11
YP(NPP)=(-PHI(1)-PSI(I))/C�(IP)

ZP (NPD) =Z ( 2 )

J=J+l

X(J}=X(1)

Y(J)=Y(1)

Z{J)=ZI2)

CONI I NUE

NP=J

IF (N°P) z,_D6,4_6,404

DO aO _ I=l,*!PP

NP=NP+I

P;+2.0*(CE(IP)<-X(I}*Z(1)

IP _(Z ( I )_ _2+C,I ( I P ) +2.0_

11 ))

I3 Nor ON StJffFACE

15681250

15581260

15681270

15681290

15681300"

15681310

15681320

1568133O

15681340

15681350

]5681360

15681370

15681380

15681390

lqT£240n

15681410

25681420

]56£143m

]568144_

]5681450

]548146m

15691470

1568]n80

15681450

15681500

1568151_

25682520

156815_

15681540

]5651550

15681560

15681570

1568!580

156815o0

1568160_

15681610

15681620

156_163r>

15681AaD

15681680

13)15651659

]_68167n

1568!680

15681_q0

156817O0

15681710

15681720

15681730

I_6717&_

15681750

15691760

15681770

15681780

I_681700

15581800

156S1820

1_6_182_

15681830

186_1R4_

15681850

LOCI(HEED
C-30



×(RP)=×r'(I I
Y(_P) =YP( I }

Z(_IP}-Xo(I}

405 C©t.'.T I ,IUF

606 N°=_l o

GO TO ]1

201 DO 90 I:!,r'P

PSI ( I )=CE( IP):;:X( I I+CF(IP) _Y( I } tC ! (]o)

30 CO_/TI XL!E

202 IF (CC(To) ) 209,203,205

203 DO 32 I:1,."o

IF (PSI(I)) 32,14,32

32 CON7 I ritJF

204 DO 54 I:!,NP

Z( I ):-(CA( IP){'X( I ){<2+C[_ (IP)_Y( I )_s_'2+CJ( I.P)+2.O{tdO( IP]_'<( I ) _Y( [

1 4-C%( I P ) {X( [ ]+C_{[ [ P }{'f ( I } } ),' ( _.O=_PS [ ( [ _ }

34 CoXT i NL.IE

C::O T,O 1 ]

2O5 J=O

DO 3A I=!,,_. 'r'

TER=(PSI (i I_'-_2-CC(. IP)->(C.L(IP)-4K(I _,-x-' 24.09(Io1_-.f( I I_"'_+C_. _l_, I.P1+2.2<

1 (Ch(Io)_XII)_YII}_C$(IPI_X{I);C!':(I;'I_YIi)})I

IF [IF�] 63Z,2C7,2,q?

630 L;O "I0 (36,632) ,,XFLAS

632 ;'.'RITE ( 6,920 I X( I ) ,"r ( I } ,L7 E!.IS

920 FORt.tAT (lO.-I POINT ×=[20.8,2X,2HY:E20.S,20H IS F'.©T 024 SURFACE

60 TO 36

208 PHI(I )=SgRT[TEP..]

GO TO 22'9

297 Z(II=-PS_ I ) ,,CC ( ._-_l

GO 70 35

209 Z(fl:C>k:! !)-PF, I'I }I/CC[lm}

NOP--ti :_0. 1

XD(['_DP } :X I)

yp [f'loD) =y I)

ZP( ";P:_ } : (-e'_J ( I )-PSI ( I ) )/CC([D)

35 d:J+i

X(JI=X(II

Y(JI:Y( I 1

Z(JI:TII)

36 CC_;TI';UE

N P : J

IF C.qo_) /'-!2,L]2,I_ r''_

408 0."3 409 I=I,_'!DD

51P=MD+ ]

X[_D)=XP(I )

Y(XP} ::Y_' '..]

ZI ';P ) =Z_ (.[ 1
409 C O", 1 !HU_

412 _'<P :'F >

GO TO 11

FN")

$IBFTC FTEST t IST ,REF, DECK,t194 _,XR7

Sldnq©{jT .T_,r FT_C.7

1¢6q18_9

lfl6q!£7O

l<6O!pe<

1568!8c0

15591900

156£1923

13681930

156919_0

155R1_59

]_681_v9

!56819S0

15681c0_

15682000

15692010

15682020

1_6_2_q<

]:}6z_CAn

13682060

15692070

l:_tg,;O:_

!56BfOg3

15682100

13)15682110

1567212e

156q2_59

]_{?2!an

]56_215_

]568215<

]{68217n

1968218_

156721o0

155£221r

1565222n

tSAs227_

I_ GZ_2%: -,

15692262

1_6A9279

1=5_22_0

lq6922eO

l_6_21m_

1fi6{_2_i0

1_(,_2220

15692330

156_23_._

1_6522%n

156823_0

I 56, 9 r:O 2 r_

DItIE'_S[O'q CA(!0 l,C5(10 I,CC(!O I.,CD(L% ,CE(IG ),CF(!0 I ,CG(IO 1,,,15683230

] CH[]0 ),C[(]0 I,CJ(10 ),SA(10 ,6),?9!(!0 ,61,9C(I0 ,5),BD(IO ,61, 15680060

2 BE(IO ,6),BF(IO ,6],80(10 ,6},n_l(IO ,6)),2I[!0 ,5),BO(10 ,6l , 15689050

3 X(875) ,Y(875 ) ,Z( 875 ) ,X'_(S 75) ,YP(875) ,ZP(975] ,DLP{ 875) ,DMP (375) , 15580060

4 DNP(875),LL[IC ),KX[{(lO ),DSS] []0 ),QLIM] (I0 ),Otlt.12(10 ), 15680070

5 QLIM3(10 l,,CkI"t,'{(l") I,Gq'IOS(iO I",D["SI(!'3 ,,,61 ]£C%GOSC

DIMENSION DKP(875) ,DL (875) ,DM[875) ,DN(875) ,D<(875) ,PHI (875) , 15680090

LOCI{HEED
0-31



1 PSI(875},MIS{lOI',T(8751,U(R75),VtB75},QQ[875},

CA, CB.

CH

P,I)

BJ

Z P

DSSI

OBSI

PHI

QQ

IL

lU

B

14

DELIP

CC

CI

EC
X

DLP

QL. IM1

DKP

PSI
VPST

IH

NFT

C

QI

DKL. 2P

COM_.:ON /ECO_!I

1 CG

2 BC

3 BI

4 YP

5 KNB

6 GRIDS

7 DK
8 V

9 ]P

1 NLD

2 A

3 G

4 DEL2

NFT=_,IFT

IF (NP] 2,2,4

#iLD=6

GO TO 15

2

4 GO TO (1,6,IOI,2q]),NFT

1 J=O

DO ]2 !=I,NP

IF (DL(I)) 10,1!,10

11 wRITE (6,402)LTLMS,X(I),Y(1),Z_I)

GO TO 12

10 J=J+]

XfJ)=X(1)

Y(J]=Y(1)

Z(JI-7(I)

DI.{J)=OL(I ]

DNIJ):D_ll ] )

12 COCTIxUE

NP=J

NLD=3

15 R_TU_N

6 WRITE (6_400)

400 FORkAT (62H NFT EQUAL5 TWO WHICH

lmEV!SFU )
402 FORMAl (llH SURFACE IZ,I9H

1 2X,2HZ=E20.8 )

CALL EXIT

SToP

101 J=C

IF (D_,'(I)) ilC,13,11C

13 WRITE (6,4O2)LTffMS,X(I) ,Y(I) ,Z( I ]

GO TO 14

110 J=J41

X(J)=X(ll

Y(J)=Y(I}

Z(J):ZII)

DLIJ)=DLII)

D_,_(J]=D,(I)

DN(J]=DN(I)

14 CONTINUE

NP=J

Nt_D:4

GO TO 15

201 J=O

DO 202 I:I,NP

CD

CJ

BF

Y

DS'P

0LI;42

DL

YlS

NSO

IT

I" S I G'4A

D

QJ

t_BDD

CE

BA

£G
Z

DNP

QL I ,_',3

DM

T

NDO

IS

NPP

E

q IGHT
NVP _ NO I

SHOULD NOT

IS VERTICAL A7

VPST(875) 15680100

CF 15680130

BB 15680140

B_f 15680150

XP lqTgO160

LL 15680170

OLIM4 15680180

DN 15680190

U 15680200

NP 1568021O

NC 15680220

KP ]5680280

F 1568_2a_

DELl ]568n25n

,NAREA,LTEMS 15680260

1_680010.

15680a2_

15680460

15680440

15680450

lq680aTQ

]_6RO47q

15680480

15680490

156865_0

1568051_

15680520

16680530

l_68n_aa

1568055n

1_680q/,O

15680570

I868058n

1668_5on

16680600

156_0610

156R0620

BE LUqT!L PROSRAM IS 15680630

] m6qr, 6_q

X=E20.S,2X_2HY=E20.8,156_0650

15680660

15680670

10680680

156806oO

156FO70q

156R071 n

15660720

166PO74r_

18680750

1568076n

1_680770

156807<_

]_6_n7oa

15690800

1568081n

16680920

1%68_a

]56_8a_

1_6806_n

]568_860

LOCKHEED
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m _ T_li\_)f....C-I

(coi,r'!'>,>:,o)

IF (Db!( I ) ) 21r_,203,2]O

203 ',','RITE (6,402)LTEMS,X( I ,Y(]),Z(I)

GO TO 202

2]0 J=J41

X{JI=XII}

Y{J}=Y(I)

Z(JI=Z(II

DL(JI=DL(I)

Dt4(J)=DU(]')

D>!(J}=DN(I)

202 C O_,_f I "J LiE

NP=j

N[.D=5

GO TO 15

END

51 __FTC VTFST L I Sl,fifr,qFCe,U94 _ ×q7

SUBROUTINE _.;TE S]

DIb:E._JSIOf Ch{IC' ),CE(IC ],CC(IO ),Cq(iO ),Cg 10 ),Cf [!0 ) ,CC-(]G 1,

1 CH(!O ),C!(!C) ),CJ(IO ),PA(!C ,(,),E_E(!O ,(,),C:C(10 ,fi_,F_:(:n ,.!,),

2 EE(!C ,6),_F(]O _6},[-G(I0 ,6},T!:,(!": ,61,F,I',10 _6),_,J{i I ,61,

3 X(8-15) ,Y(g75),Z(ST5),XPI'S75),YF(_-7_),ZP(BT'5),r'Lr}(;-:-,.5),Zv:'{375},

4 DNP(S75],LL(IO ),Ft.13(IC ),25£!(10 ).OL['.'.!(.19 ),OLIP2(IO ),

5 CLIH3(IO I,OLIt<L(]O ),OR'/(,El "r' 1,"!<1(!0 'J f.i}

D!,_KENSICT DLP(875) ,DL.(B-15} ,[;'.;(_-15) ,r)_'_(875) ,DK(875) _,P,Ht (8",'5) ,

i PSI (875) ,,MI S(10) ,T (875) tU(875) ,V( S75: } ,C:'O,( 8-I5 ) ,

5

7

8

9

11

12

COMMON IECOKI

1 , CG

2 , BC

3 , B/

4 , YP

5 , KN_

6 • GRIDS

7 , DK

8 • V

9 • IP

i • NLD

2 , A

3 , G

4 , DEL2

CA, CB,

CH

RD

[_J

ZP

DSSI

DBS I

PHI

OO

IL

IU

B

H

DELl D

CC

CI

Bf

X

DL:-,

(?LIVl

F3KD

DS!

V':"S 1

NFT

C

DFL2r,

CD , CE

CJ , BA

r_F , ."{_G

Y _,. Z

D ',.'D , D'<b

OLIV2 " , QL It"3

P,L , [;M

vlq , l

NSO , kOO

IT , IS

t. SIGMA • NPP

D _, E

OJ , R !GM T

t; _:913 , t. VF', 20 ._

VPST (375]

CF

BB

BH

Xr

LL

q'l i t.'4

D'.:

t,

t,P

'4C

<P

F

; ti." 7 E','_, L 7 _ "iS

GAMt.;A=AxX (KP)'_ _2_.B4"Y ( KP}**2 '_C':{Z (KP) -_-":-2+_J4 2.0"((D_Y(KP) _2

l G)xIX(LP}+(tr_ZfKP)+}.)_Y{WF)_q'[_Z(Kr:))

BET 1 =A _ X ( <P ) +D*Y [ KP ) +:_Z (<,2) +6

P..ET2=B_ Y ( KD ) +D-_ X ( KP ) +F*Z ( "lP ) "+ H

Ell/3=C_ Z ( t :_) 4 f*X (KP) +F'Y( K _ ) +01

DO 24 O=!,x!_'o

ALC_FA=(A-IT(J)-_.2.0".(D_U(j)4EI_V(J)))'_T(J)4 E;<LIIJ)42.C:'F V J)

l * C*V ( d)',' "_2

_.E T F!A=S:/T 1 _ T { J _ +_3[ 72 _ U { J I -, E,',!I 3a',/[ J )

IF (ALr'!iA) v,_,i'

THETX_D=- 1 • ,q

THETAC=-GP, MKA/{ 2.0 _BETHA)

GO TO 13

TEST=P{ZTHA_2-A L O!HA_C.t,"<. °,

IF (TEST1 8,O,ll

GO TO 2,"+

THFTAD:-t.O

THETAd =-E! _ T HA I AL Pl-tA

GO TO 13

T H f: TAC = ( -P,E T H_',+ $C'R T ( _ £ THA_ _ 2-AL Pki :, _ _-",V'<.A ) /ALPHA

THETAD=(-BETHA-SQP. T(6ETHA<_2-ALP}_AKG/.VV, A} /ALPHA

KP)'_

;_-L ( J

15680870

15680880

156808n0

]£6SQqOO

15680910

1568_q2n

lq6£n93_

l£6£_a_

1568095_

15680_6 m

]568_07_

15680988

1568090O

15681000

]56810]n

15fiSo02q,

] 5680.33 g

] 56 _. 0 :',,', ."

156 _,-, }--r,

l_c_mr_ 0

15680070

i 56 .R0 O ? C,

15680090

15680]00

156@0130

156801z, 0

1568015,3

15680160

1568017n

i56_015"

i5.680i90

1568",2 r_,q

15680213

15680220

1568027,0

1 < 8_'2 ' C

I : d,_ -,25"2

l :56£ q4 ] n
Im#_nZ'_n

]c6°qASS

] 5680440

5cmnI. o,_45_

1568TI/..._.r'

1 '-, 6 !7";47n

156&,1 :,£ r

1 =,6 _ O4 c c)

15670500

] 56P r,_ ] n

] 5680520

15680530

]_SR0_aO

156£0_6o

15680570

15680580

]5680590

15680600

15680610

15680620
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%A...... C-1

13

l0

14

17

30

18

15

19

22

34

26 ¸

2 4

IF (THETAC) ]8,18,10

IF (THET/_C-I.O'_ 14,18,18

XC=X(KP)+]_!_IAC_ T(J)

YC=Y (KP )+TU,_TAC _ U(J)

ZC=Z (I<P) 4 THEI AC-_ V(J)

KN=NSIG_4A

IF (','BOO) 26,26,'3

"DO 30 I=I,NBDD
VAL= (BA ( _'N, ! ) "x-XC-_*2+BB ( NN, I ) _'C__2+BC ( fbl, I ) _ZC_ _ 2_ BJ (NN, I ) 42.0 _

1 ( (BD(NN, I )*YC+BE (NK, I )*ZC4RG(XN, I ) )_XC+(BF (NK, I )_ZC4B'I( NN, I ) ) _

2 YC+BI(NN, I )_'ZC))*D_SI (NN,I)

IF (VAL) 30,'30,26

CONTINUE

IF (IHETAD) 24,24,15

IF ITHFT,aO-i.O) 19,24,24

XD=X(KP)+THETAD _. I (J)

YD=Y(KP ) +THe-TAr) -_ L;(,I )

ZD=Z(KP )+T'47T;,D _" V(J)

NN=NS I Gt.'A

IF (NBDD) 28,26,4

DO 34 I=I,;,5DD

VAL=(_AINN, I )_XD_2_FE(,NN, I ] xYD<x2+SC(N_:, I I_ZD:_X'2+E:J(N'r(_ I )+2.O _

] ( ( [5D ( NN , ! ) _YD4-_,F ( N< • | _ * 7 [_-_ [_(: ( !4N , ! } ) _'Xq4 ( _-_ ( _'$_'!, ] ) _Zr)'_--qH ( "t_! , I } ) _"

2 YD+R I ( 'qN, I } _-ZD ) } _"D?-[" I ( Nr':, I ]

IF (VAL) 34,q4,26

CONT I NUE

GO TO 24

QQ(J)=O.O

CONTINUE

RETURN

END

15680630

15680640

15680650

15680660

15680670

15680680

15680690

15680700

15680710

15680720

15680730

15680740

15680750

1568076fi

15680770

15680780

156807o0

15680800

15680810

15680820

15680890

156808_+9

15580_50

15680R60

15680870

15680890

1568_8e_

15680900

]5680910

15680020

15680930
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